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(1) The name of the Association shall be “Lioyp’s’ Reaister SraFr 


ASSOCIATION.” 


(2) The object of the Association is the advancement and dissemination of 
knowledge of present-day problems in shipbuilding and marine engineering, by the 
preparation and discussion of communications on the various technical aspects of 


the subjects. 


(3) The membership shall consist of the Technical Officers of Lloyd’s Register 
of Shipping. 
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retire annually and be eligible for re-election. 


(6) Papers contributed to the Association shall be for the information of 
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(7) Non-members may, at the discretion of the Committee, be invited to 


contribute papers to, or to discuss communications read before, the Association. 
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October to April inclusive, and/or at such additional times as the Association may 


hereafter decide. 
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LLOYD’S REGISTER STAFF ASSOCIATION. 


OPENING MEETING. 


The Opening Meeting of the Session was held in the Board Room 
of the London Office on Wednesday, 8rd October, 1928. 


The President, Mr. J. Carnaghan, occupied the Chair, and was accompanied on 
the platform by Dr. J. T. Milton. 


President’s Address. 
GENTLEMEN, 


The opening of the fourth session leads one to consider the reasons for the success of Lloyd’s Register 
Staff Association, and also whether there is anything which can be done towards the continuation and 
possible increase of the success which has been attained. 


To the Committee of Lloyd’s Register our sincere thanks are due, not only for their past and 
present substantial assistance, but also for the kindly interest which they continue to take in the welfare 
of the Association. 


Sir Westcott S. Abell and Mr. Ruck-Keene have likewise assisted us greatly, and we trust that 
circumstances will permit of the continuation of their personal interest. 


Dr. Milton, who honoured us by contributing the first paper of our first session, has always taken a 
sincere interest in our work, and by his paper entitled ‘“‘ Remarks on Castings,” which he has contributed 
for our benefit to-night, has demonstrated the fact that we can still depend upon him for support. 


It is also true that in great measure our success has been contributed to by the willing assistance of 
the various members, also the zeal of your past President, Mr. Watt, and of the Staff Committee, and 
last, but by no means least, the energy, both potential and kinetic, of our Honorary Secretary. 


The opportunity is taken to express our sincere sympathy with Messrs. Dimmock, McLaren and 
Morrison with regard to their illness, and to assure them that we are delighted to learn of the progress 
they are now making towards recovery. 
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There have been some changes made in the Committee representing London and the outports, and 
the opportunity is now taken to welcome our new representatives and to express the hope, that not only 
they, but also our old representatives, will assist in keeping our Association in a live and healthy state. 


Since the syllabus for the present Session 1923-24 was printed, two members of our Committee have 
been transferred, Messrs. W. G. Mackinley and W. Lane will now represent Grimsby and Manchester 
respectively. Their predecessors, Messrs. J. H. Mackirdy and J. 8. Cairns, may be assured of our best 
wishes for their success in their new spheres of usefulness. 


Hitherto it has not been necessary to make any special appeal for the contribution of Papers, and 
were it not for the apparent modesty of our engineer members this appeal might not have been made. 
It is hoped that they will accept this assurance that they will be welcomed in the field of authorship. 


Marine engineering is at the present time in a very complicated condition, but at no time has it ever 
been a more interesting profession. 


It is claimed by the internal combustion engine enthusiasts that the steam engine will soon be 
displaced as a means for propelling vessels, but even in this branch of engineering we have failed to 
establish anything approaching uniformity of ideas. 


In this country alone we have either constructed, or in course of construction, several varieties of 
four and two stroke cycle single acting Diesel type engines, with either blast or mechanical injection of 
fuel, there are two types of opposed piston two stroke cycle oil engines, double acting two stroke cycle 
sliding cylinder oil engines, combined two stroke cycle oil and single acting steam engines, and we have 
oil engine electric driven propelling machinery; while in the near future other varieties will be 
produced. 


In the heavy oil engine surface ignition branch there are many varieties of hot bulb, plate or spot 
ignition types, some with lamp flame and others with electric coil initial heating devices. 


There are numerous varieties of paraffin oil and petrol engines, and one hears an occasional word of 
internal combustion turbines, 


The steam engineering branch has not yet been brought to a standstill. There is a struggle going 
on with a view to obtaining higher efficiency. Superheaters are being fitted to existing boilers as well as 
to those under construction. Oil burning installations are being fitted in those cases where the supply of 
oil and other circumstances prove irresistible. Higher boiler working pressures are being adopted and 
some engineers have contemplated the use of five cylinder, five cranked quadruple expansion engines; 
also of five cranked quintuple expansion engines. 


The geared steam turbine still holds the field for very high powers, but shows a tendency to become 
single rather than double reduction geared. 


The higher temperatures employed in connection with steam and internal combustion engines have 
created a demand for more suitable metals. 
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The requirements of the “Oil in Navigable Waters Act” has been responsible for a revival in the 
filter industry as regards bilge and ballast water discharge from vessels carrying and burning oil. 


In refrigerating engineering, the supremacy of the rival systems of carbonic anhydride and ammonia 
is occasionally threatened. Owing to circumstances the materials used for insulating purposes have 
varied, and the behaviour of the various materials, after several years use, should be of interest. 


The uses of electricity on board vessels have increased, not only in the engine room but in all 
departments on board ship. 


From this rough summary it would appear that there is a large variety of subjects for the intending 
author to choose from. 


In view of the very wide and varied experience which our members obtain in the course of their 
every day duties it appears reasonable to expect that each has accumulated some information on a particular 
subject which would form the basis of an interesting paper. While, in many cases, it may not be 
possible at present to prepare a paper, there does not appear to be any special reason why any member 
should refrain from sending to the Honorary Secretary his comments on the various matters mentioned 
in the papers which have been contributed by others. 


The attention of our outport members is drawn to Mr, W. T. Badger’s paper entitled “ Electric 
Fittings on Ships,” which is to be read on the evening preceding that on which the Cricket Club Annual 
Dinner is to be held. All outport members, who may perchance be in London overnight and who can 
attend this special meeting, will receive a hearty welcome from the London members. 


REMARKS ON CASTINGS. 


By J. T. MILTON, D.Sc. 


ReaD 38RD OcToBER, 1923. 


The following remarks on castings are not intended to be an exposition of the art of founding. 
They are intended for the consideration of engineers who have to use castings and who frequently find that 
those which they obtain do not meet all their anticipations in regard to soundness and strength. Some 
of the reasons which lead to these disappointments will be dealt with, and it may possibly occur that a 
knowledge of these causes may conduce to changes of design which will make the founder’s task an easier 
one and will minimize the risks of unsoundness in future castings. 

The reason for using castings instead of forgings for the very many purposes for which they are 
employed is the comparative ease with which intricate shapes can be made of cast metal. For many 
purposes casting is the only way by which the necessary shape of structure can be secured. To the 
uninitiated it may at first sight appear to be very easy to make a casting of any shape or of any size 
provided there are facilities for making a mould of the form required and for melting a sufficient 
quantity of metal to fill the mould. This however is far from being the case. A notable instance of the 
difficulty of making a sound casting is that of a large steel ingot from which plates and sections are to be 
rolled. Here the form is of the utmost simplicity, the cross section is rectangular with rounded corners, 
the longitudinal section is nicely tapered so that the casting can readily free itself from the mould, yet 
the resulting ingot is never sound and a greater or less proportion of it always has to be discarded. 

Engineers are mainly interested in three classes of castings, made respectively of (1) Cast Iron (2) 
Brass or Bronze of various kinds (8) Cast Steel. In order to fully appreciate their requirements it will 
be necessary to know and to properly understand certain physical properties of the various materials 
from which they are made. In no case shall we have to deal with a pure elementary substance; each of 
the metals referred to may be called an “alloy.” A definition of alloys is that they are formed by 
dissolving metals in one another. 


PHYSICAL PROPERTIES OF WaTER AND METALS. 

Before dealing specifically with the physical properties of the metals or alloys of which castings are 
made it will be useful to consider some of the properties which are common to all matter which can exist 
in two forms, fluid and solid. ‘The most common of such substances is water, which as every one knows, 
when pure, is liquid at all ordinary temperatures above 32° F, and solid at temperatures below 82° F., 
and which may be either liquid or solid when precisely at 32° F. according to the amount of heat which it 
happens to contain. Water is also an excellent substance to consider for the reason that it is an excellent 
solvent for very many substances and further its physical properties are generally well known and are 
therefore convenient to quote as examples of similar qualities in the metals we wish to consider. 

Let us consider some of its properties. 

(a) Irs Larent Hua or Liqueraction :—If we take a definite amount of water at a temperature 
above 32° I’. and add some particular quantity of heat to it, its temperature will rise. If we add a further 
equal quantity of heat its temperature will again rise by an equal amount. Conversely if we abstract heat 
the temperature will fall proportionately to the amount of heat abstracted so long as 32° F’. is not reached. 
In these cases the rise or fall of temperature depends upon the specific heat of water and the quantities of 
water and of heat used in the experiments. When by abstraction of heat the temperature falls to 32° F. 
another phenomenon occurs. Further abstraction of heat does uot at first produce any fall of tempera- 
ture but it causes a change of state of some of the liquid water into solid ice, the ice formed being of the 
same temperature as the water, viz., 32°F. Still further abstraction of heat produces solidification of 
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further quantities of the water until all the water becomes frozen. At this stage all the ice formed will 
have the temperature of 32°F. Still further abstraction of heat will produce a fall of temperature of the 
ice. The amount of heat required to be abstracted in order to change liquid water at 32° F. to ice also at 
82° F. is called the latent heat of liquefaction or fusion. 

(b) Cuance oF VOLUME WITH TEMPERATURE :—lt is well known that water expands consider- 
ably when freezing, so that the specific gravity of ice is less than that of water. Cast iron behaves in a 
similar manner, but all metals do not. 

Above about 40° F. a rise of temperature of water is accompanied by an increase of volume. Most 
probably all metals when liquid behave in a similar manner, that is they expand when heated and 
contract when cooled. 

(¢) PRoperTIES OF WATER AS A SOLVENT :—Everyone knows that water readily dissolves such 
substances as salt, sugar, alum, etc. Marine engineers know, too well, that sea water contains in solution 
many substances besides common salt. Some of these, compounds containing lime, are the cause of 
serious troubles when too much sea water finds its way into boilers. Water will also dissolve or hold in 
solution other liquids and even gases. 

The amount of any one substance which water will hold in solution depends upon its temperature. 
In general, but not invariably, hot water will hold more of a substance in solution than cold water. 
Calcium sulphate which is the principal component of boiler scale is one of the exceptions. If water is 
saturated with a substance which dissolves to a greater degree in hot than in cold water, any reduction of 
temperature will be accompanied by a separation in a solid form of some of the substance from the solution, 

Water will also dissolve a certain quantity of most gases. As instances, it dissolves at ordinary 
temperatures and pressure as much as 400 times its own volume of gaseous ammonia. Common soda 
water is a solution of carbonic acid gas in water. Ordinary tap water always contains a considerable 
quantity of air in solution. When under considerable pressure it is able to dissolve a greater quantity 
than when the pressure is released. When water in which air is dissolved is heated some of the air will 
separate out. The hotter the water is made the more air separates until boiling commences, when the last 
trace of air becomes swept out of the water by the steam bubbles. We conclude that the colder the water 
the more air it can dissolve. Now commence to freeze the water. As may be seen by looking at a large 
block of artificial ice which has been frozen in a can or ingot mould, the outer portion of the block, 
which is the first ice formed, is clear, that is to say, it is free from air bubbles. ‘This is because in 
cooling down the water to 32° we have made it capable of holding more air in solution than it could do 
at the higher temperature at which it was run into the mould; in other words, it was not saturated with 
air when it commenced to freeze. The ice formed does not hold air in solution. The water first frozen, 
as it becomes solid, rejects the air it previously held in solution, and so the portion of water still remaining 
liquid becomes more charged with air, still in solution, and this goes on as freezing proceeds until a point 
is reached at which the remaining liquid water becomes saturated. Further formation of air free ice is 
necessarily accompanied by the occurrence of minute air bubbles, and unless these are artificially removed 
they will remain entangled in the ice formed, which will no longer be clear. 

(2) TEMPERATURE OF FREEZING OF SOLUTIONS.—SEGREGATION.—It is well known that by dissolving 
a little salt in water the freezing point is lowered, and in general the more salt which is held in solution 
the lower will be the freezing point. It is often stated that ice formed from salt water is fresh. This is 
not absolutely true, but certainly ice so formed is much fresher or contains much less salt than the water 
in which it forms. Let us consider the freezing of water in which some salt is dissolved, the amount being 
insufficient to saturate the water, and let us at first suppose that the ice formed is free from salt. 
When the temperature is sufficiently lowered ice will begin to be formed. This necessitates that the 
salt which originally was dissolved in the portion which has frozen must have been driven into the part 
remaining liquid. As this has in consequence become more salt its temperature must be made still lower 
before any more freezing can take place. 

If heat is still abstracted more and more freezing will take place as lower and lower temperatures 
are attained and at the same time the portion remaining liquid will become more and more salt until a 
point is reached at which it becomes saturated with salt. A further reduction of temperature will result 
in the saturated solution freezing as a whole, that is to say without any further separation of salt, this 
last formed frozen mass will then consist of an intimate mixture of minute crystals of ice and of salt. If 
the freezing had taken place uniformly in layers parallel to the boundary of the containing vessel we 
we should have the whole of the salt driven, or segregated, to a position near the centre of the mass. 
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If we suppose that the ice formed is not pure ice but contains a little salt, less however in amount 
than was in the water from which it was solidified, a similar procedure will take place although not to the 
same extent. ‘The successive layers of ice formed will each be a little more salt than the preceding one 
but less so than the water remaining liquid, and if there is sufficient salt to make the last remaining 
portion saturated we shall still have a frozen saturated mass, although a smaller one. In this case we 
still have segregation, but of two kinds, one in the outer portion gradually increasing in intensity as the 
interior is approached, the other of a severe form near the centre of the ingot. 

If still less of the salt is initially in the water, or if more of it becomes incorporated in the ice 
formed, it may be that the intense condition of segregation may not be reached, but the successive layers 
will each contain a little more salt than the preceding one. 

(e) More THAN ONE SoLuTE.—Water at a given temperature will dissolve definite quantities of any 
particular salt until it is saturated with it, but if the water has previously dissolved another salt it will 
not take up so much of a new solute as pure water would do. If to a saturated solution of a salt we add 
a more soluble one, the water will dissolve some of the new salt and at the same time precipitate as solid 
some of the other salt previously held in solution. 

(f) Dtrrustox.—There is another physical property in which there is a parallelism between water 
and some of the metals when they are ina molten condition, viz., that of diffusion. 

If a layer of water and one of some other liquid with which it will mix are carefully superimposed 
upon one another, it will be found that they will gradually intermingle even if the lighter of the two is 
first placed uppermost. After a time the diffusion will have reached such a proportion as to produce 
uniformity of composition throughout the mixture. 


PARALLELISM BETWEEN ALLOYS AND AQUEOUS SOLUTION. 


We will now consider the parallel properties in the various metals and alloys of which castings are 
made, 

All the metals without exception in cooling from a liquid to a solid condition give up a quantity of 
heat which may be called their latent heat of fusion or liquifaction. As we cannot by any means cause 
an instantaneous abstraction of heat it follows that the freezing or solidification of liquid metal must 
occupy some time, or in other words must be a gradual process. If the metal in question is a pure metal, 
or an alloy of fixed composition in which no change of composition of its particles takes place during 
solidification, the freezing will commence at the point or points from which there is the greater flow of 
heat. If the cooling is very slow these points will be few, but with rapid cooling their number will be 
much increased. As all metals are crystalline the first portions to be solidified will be minute crystals. 
If the cooling is slow the consequent soldification will take the form of building up or enlarging the 
crystals first formed rather than starting new crystals at fresh points and the growth of the crystals will 
continue until they interfere with one another. If however the cooling is rapid solidification may 
commence at other points as well as proceed from the positions at which crystallisation had already 
begun. As a general rule therefore slow cooling is conducive to coarse crystallization, whilst quick cooling 
produces small crystals or fine grain in the solid metal. 

Leav-Try ALLoys.—With many mixtures or alloys the method of freezing is different, as in them 
changes of composition take place during cooling and solidification. As a simple case let us consider 
an alloy of lead and tin, which although it is not used for making castings will prove to be an instructive 
study. Molten lead and molten tin are liquids which at certain temperatures will mutually dissolve 
into one another in any proportions. Pure lead melts at about 620°F. An alloy of 70 per cent. lead 
and 30 per cent. tin melts at 482° F., and one of equal weights of each constituent melts at about 420° F, 
Now although tin and lead are perfectly soluble in one another in all proportions when they are both 
liquid ; when they are in the solid state they will not mix at all, or only to a microscopic degree. Let 
us take an alloy of tin and lead containing more than 70 per cent. of lead. While it is liquid the two 
metals will be uniformly dissolved in one another. If we cool it down from 620° F. it will remain wholly 
liquid till the temperature falls to some figure corresponding to its composition. When it has cooled 
down to 482° F, so much of the lead will have solidified out as pure lead crystals as will leave the metal 
then remaining liquid with the composition of 70 per cent. lead, 30 per cent. tin. If we further cool it 
to say 420° F., more lead crystals will have solidified and separated out until the metal still remaining 
liquid will contain equal weights of lead and tin. Further cooling will cause still more separation of 
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lead and the concentration of the tin into the unfrozen portion, until at a temperature of 356° F. this 
portion will be saturated with tin and therefore unable to keep more in solution. Further abstraction 
of heat will continue the deposition of lead crystals, but as no more tin can pass into solution this 
deposition of lead will be accompanied by a separation of tin crystals which will be intimately mixed 
with those of lead. This alloy of tin and lead is seen to behave precisely in a similar manner as a solution 
of salt in water on the supposition that ice is pure, i.e., contains no salt. 

It is noteworthy that this temperature of 356° F. is considerably below the freezing point of either of 
the constituent metals lead and tin. The alloy which freezes at this particuler temperature is the 
ordinary tinman’s solder. 


CoprpER-Tin ALLOYS. 


Now let us consider the case of a bronze alloy containing say a little over 10 per cent. of tin 
dissolved in a little less than 90 per cent. of copper. 

Pure copper melis or freezes at 1980° F. When the alloy in question is cooled a little below this 
temperature a few crystals will separate out in a solid form. They will be found to be not pure copper 
but they will be much richer in copper than the original alloy and consequently the portion remaining 
liquid will have become relatively richer in tin. As cooling progresses the crystals first formed grow by 
more metal becoming solid. In solidification the metal again rejects some of the tin, the added solid 
becoming richer in copper than the liquid portion although not so rich as the particles first solidified. As 
cooling still progresses the crystals grow, each successive addition to them becoming poorer and poorer in 
copper, but still richer in copper than the portion remaining liquid. At a certain temperature when 
solidification is nearly complete the crystals will cease to grow and the remaining metal surrounding them 
will freeze without further altering its composition. 

Microscopic examination of the structure of the solidified alloy will show the crystals to have been 
deposited in the form of what is termed “ dendrites.” Each large crystal formed by slow cooling will be 
formed of a group of dendrites arranged in a regular formation, their orientation or direction however 
being different in each crystal from that obtaining in the neighbouring crystal. The spaces between the 


dendrites will be filled with the alloy which remained encircling them when the final solidification 
occurred. This alloy is of a more brittle nature than the metal forming the dendrites, and if the 
solidified metal is broken by a blow the fracture will take place largely through this portion although 
some of the dendritic parts will also break. 

If the alloy contains less than about 10 per cent of tin, solidification due to slow cooling will still 
take place in the dendritic form, the inner portion of the dendrites will still be richer in copper than the 
other parts, but as freezing continues the dendrites will coalesce without leaving spaces between them to 
be filled by a more brittle material. Such an alloy therefore will be more resistant to blows or shock 
than the one containing somewhat more than 10 per cent. of tin. This alloy is seen to behave like the 
salt solution in water, seeing that salt water ice is not absolutely pure. 

INFLUENCE oF OxyGEn.—Let us consider further this alloy of copper-tin. 

It is well known that copper when hot has a great affinity for oxygen. When copper is melted in 
contact with the air oxide of copper is formed on its surface, the oxide so formed is soluble to a certain 
extent in molten copper, 80, as fast as it is formed it dissolves in the copper until the latter becomes 
saturated, after which any further oxide will remain on the surface. Although molten copper can retain 
considerable quantities of copper oxide in solution, solid copper cannot do so. When molten copper with 
oxide dissolved in it freezes, it rejects the oxide which then becomes disseminated in minute particies 
throughout the solid metal. Copper with copper oxide dissolved in it thus behaves in a similar way 
during freezing or solidification to the solution of air in water, in which, as has been stated, the act of 
freezing throws the air out of solution. The bronze alloy we are considering behaves in a similar way. 
When it is melted oxide of copper forms upon it and becomes dissolved in the melted alloy until the latter 
is saturated with it. On cooling and freezing the copper oxide is thrown out of solution and microscopic 
examination will shew it as fine specks interspersed throughout the otherwise solid metal. 

“ Admiralty Gun Metal” is composed of 88 per cent. copper, 10 per cent. tin and 2 per cent. zinc. 
The object of replacing two parts of copper by two of zinc is to prevent the occurance of this oxide in the 
metal. Zinc has a greater affinity for oxygen than copper has. If, therefore, molten zinc meets with 
copper oxide it seizes the oxygen, reducing the copper to the metallic state. The zinc oxide formed is not 
soluble in the molten metal, it rises to the top and so leaves the metal free from dissolved oxide, and on 
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solidification the metal will be found to be solid, free from the inclusions of oxide. It is this action of 
zinc which makes the Admiralty Gun Metal a more reliable metal than ordinary gun metal composed of 
copper and tin only, melted in the ordinary way. 

Phosphorus has a strong aflinity both for copper and for tin but a still stronger affinity for oxygen. 
When a little is added to a copper-tin alloy, which may be done by adding either phosphor-copper or 
phosphor-tin, the phosphorous combines with the oxygen of any oxide which may be in the metal and 
eliminates it in the same way as is the case with the addition of zinc. Bronzes treated in this way are 
termed Phosphor Bronzes. What is aimed at in their manufacture is to add just sufficient phosphorus to 
eliminate the oxygen and with it the phosphorus also, and hence analyses of good phosphor bronzes shew 
only traces of phosphorous, the greater portion of that element which was added having disappeared after 
having fulfilled the purpose for which it was introduced, 

Both tin and zine when liquid will dissolve in, or alloy with, copper in all proportions, the addition 
of zine to a copper-tin alloy or of tin to a copper-zine alloy therefore presents no difficulty, and ternary 
alloys of copper-tin and zinc are frequently used for purposes for which they prove to be suitable. Most 
of the “ brass ” castings used in engineering are made from such alloys. 


CoprEeR-Zinc ALLOYS. 


Alloys of copper-zine are used with the constituent metals in various proportions, Those containing 
55 per cent. and upwards of copper are strong and fairly ductile, but those containing more than about 
45 per cent. of zine are brittle and useless for general structural purposes. 

There are a large number of special alloys used under fancy trade names which generally include the 
term “ bronze,” although their principal constituents are copper and zinc, and not copper and tin. These 
alloys owe their particular properties mainly to the amount a third metal introduced in them. For this 
purpose iron is the metal most generally employed, but manganese, aluminium, and nickel are also used, 
and sometimes more than one of these metals is added to the copper-zine. 

By marine engineers these ‘ bronzes” are principally used for propellers, and so they are cast in 
large masses, Large masses of liquid metal must lose large quantities of heat (latent heat of fusion) 
before they solidify entirely, they must therefore take some considerable time to freeze, especially in their 
thick portions ; in consequence their crystallization will be coarse. Further, unless their composition is 
such that it does does not change during solidification, there must be some segregation in their thick 
portions. This probably accounts for the variations in analyses sometimes complained about in the case 
of large castings. 


HeEaT TREATMENT OF BRASSES AND BRONZES. 


Before leaving the consideration of the physical properties of the brasses and bronzes, a few remarks 
may be appropriate as regards the effect of heat treatments. 

It is generally considered that in copper-zine alloys containing more than about 66 per cent. of 
copper, the crystals which form during solidification are homogeneous. In this respect they are unlike 
those which form in the copper-tin alloys, which as has been stated are richer in copper in their central 
portions. In the cases of both alloys prolonged heating above a certain temperature is accompanied by 
a growth in the size of the individual crystals, the larger crystals absorbing their neighbouring smaller 
ones into their own structure. 

In the case of copper-zinc alloys, containing less than about 66 per cent. of copper, it is found that 
when the solidification takes place in a normal manner each crystal of the resulting solid metal possesses 
a duplex structure. As an example we may take Muntz metal, which consists of 60 per cent. copper and 
40 per cent. zinc. If a sample of this metal is polished with care, etched with acid and examined under a 
microscope, each crystal is seen to be composed of two distinct constituents, one of which etches so as to 
appear dark whilst the other remains bright. The boundaries of the individual crystals can be readily 
observed, and it can be seen that the disposition of the two constituents in each of the separate crystals 
is to a certain extent regular, although differently oriented in the different crystals. If now a piece of 
the metal is raised to a bright red heat and then quenched out in water, a sample from it prepared in a 
similar way appears to be very different when viewed under a microscope. Each individual crystal can 
still be identified, but each appears to be of a homogeneous composition, there being no duplexity of 
structure visible. What has happened is that at the high temperature to which the piece was raised 
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each constituent has mutually dissolved into the other, forming a homogeneous solid solution. By 
quenching there has not been sufficient time for separation of the constituents to take place. If, however, 
the cooling from the high temperature at which the metal is in the form of a homogeneous solid solution 
to the ordinary temperature is arranged to take place slowly, the two constituents will be found to have 
again completely separated, and they will present the original duplex structure. With careful manipula- 
tion, by graduating the speed of cooling, it is possible to obtain specimens shewing the gradual separation 
of the constituents. This commences generally at the boundaries of the crystals gradually extending to 
to their centres. When the cooling is much prolonged it is found that the duplex structure becomes 
perceptibly coarser. These considerations shew the great influence of heat treatment upon these copper 
zinc alloys. In the cases of the more complex alloys the effect of heat treatment is even more 
pronounced. To illustrate this let us take the case of a copper-zinc-iron alloy. The effect of adding iron 
to a copper-zinc alloy is to considerably increase its strength, the increase depending upon the amount of 
iron retained in solid solution. 

So long as the total iron content of the alloy does not exceed the amount which produces a saturated 
solid solution the iron will be uniformly diffused throughout the metal and the effect of heat treatment 
will approximate to that of a similar treatment of a plain copper-zinc alloy. However, at high tempera- 
tures below the melting point, copper-zinc alloys are capable of holding larger quantities of iron in solid 
solution than at ordinary temperatures, and when such alloys are liquid they can contain considerably 
more iron in solution. Now let us consider a copper-zinc-iron alloy, containing an excess of iron over 
that which can be retained in solid solution when cold. When it is liquid all the iron content will be 
uniformly dissolved in it. At the instant of freezing, when the temperature is equal to that of melting 
it is possible that all the iron will be uniformly diffused in the mass but as the metal slowly cools, at any 
particular time the amount remaining in solid solution will be only that which at the actual temperature 
suffices to saturate the alloy, the remainder of the iron will have separated out in minute particles 
imbedded throughout the mass (possibly in the form of a zinc-iron compound). When quite cold the 
metal will consist of a saturated solid solution of iron in the otherwise copper-zine alloy, with numerous 
very minute inclusions of the iron compound. These may have a slight influence on the ductility, but 
will have very little upon the strength of the metal, which will behave almost precisely like a plain 
saturated copper-zinc-iron alloy. We therefore expect that in the normal condition of a slowly cooled 
alloy the mechanical properties of the alloy will gradually change as the proportion of the added iron 
increases up to the point at which it saturates the alloy but further additions of iron will have very little 
effect. Now suppose this iron rich alloy to be considerably raised in temperature. Its capacity for 
holding iron in solid solution increases and consequently some of the iron or iron compound whicb had 
separated out on cooling will pass into solid solution and will become diffused in the mass. If now the 
metal is cooled out by quenching, so as to afford no time for the separation of the iron, we shall have a 
super saturated alloy, and consequently one in which the influence of the whole of the added metal will 
be manifest. In this way it is seen that the heat treatment of such an alloy may have greater influence 
than it has on a plain copper-zine metal. 

TEST PIECES AS REPRESENTATIVE OF CastTINcs.—In considering heat treatment it may not be out 
of place to offer a few remarks upon test pieces. These of course should be representative of the mass 
of the metal of the casting, and to ensure this it is necessary that they should be mechanically sound. As 
has been stated it is impossible to arrange for the solidification of any part of a casting to be instantaneous. 
Solidification must commence on the outside and proceed inwards, with the result that at some time a 
test piece or any other casting or part of a casting will have solid walls and a fluid interior. As contraction 
in most metals occurs during solidification and cooling, unless the fluid internal portion of a test piece 
gets “fed” piping will occur and the test piece will not be solid. To improve matters from this point of 
view it is sometimes the practice to embed a mass of cold metal in the mould around the position of the 
test piece, this causes rapid solidifiation of the test piece which consequently gets fed from the metal in 
its proximity which remains fluid for a longer time than that near the “chill.” Although this chilling of 
the test piece produces a sound sample, its rapid cooling renders it no longer representative of the metal 
comprising the main part of the casting which cools and solidifies under normal conditions. 


Cast STEEL. 


Of all the metals or alloys used for castings which we are considering, that which is best known, 
because it has been most exhaustively studied is cast steel. Such steel is usually spoken of as 
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“ Carbon Steel” in contradistinction to “Alloy Steels” in which nickel, chromium, tungsten, &c. are the 
elements which most affect the physical properties. Although not mentioned in the name “Carbon Steel,” 
several other elements are always present in the steel, each of them having its own special influence 
on the qualities of the metal. 


It is not intended to write a dissertation upon steel making, but some remarks upon it are necessary. 
As the steel used for steel castings is always made in the steel foundry, the manufacturer of steel castings 
has therefore to be an expert steel maker as well as being a founder. 

The steel may be made by either of several processes, the one selected depending upon circumstances. 

In the crucible process which is only used by very few manufacturers and by them only for very 
special castings, the raw material used is mainly carbon steel, that is, it is steel which has already been 
converted from iron into steel. This is charged in suitably sized pieces into crucibles, care being taken 
that the average carbon content is equal to that desired in the finished casting. If some high carbon 
steel is used the average carbon content is lessened by the addition of sufficient pure iron containing no 
carbon. The crucibles are closed with fire-resisting covers so that the metal is melted without contact 
with the furnace gases, and it is claimed that the metal is neither carbonised nor oxidized by these gases, 
so that the composition of the metal which comes out of the crucible is precisely the same as that which 
goes into it. 

Where the output of the steel foundry is small the process most generally used for steel making is a 
modification of the Bessemer Acid Process. The conyerters are small and the blowing instead of being 
right through the molten metal as in ordinary Bessemer, is effected at about the surface level. The 
reduction of the carbon, &c., takes a longer time and the process is therefore capable of more precision 
than is possible in the ordinary Bessemer bottom blown converter. The modifications in general use are 
known as the “ Robert,” “'Tropenas” and “Stock” processes, the latter being peculiar inasmuch as the 
blowing is by air heated by a regenerative process, and in consequence an extremely hot and very fluid 
metal results. The Stock process is thus capable of producing steel castings of very much thinner 
sections than can be made by either of the other processes. 


Where heavy castings are to be made the steel is produced by the Open Hearth process, Acid 
or Basic. 
So far as principles are concerned, the making of steel from cast iron by either Converter or Open 


Hearth processes consists mainly of the elimination of some of the contained elements from the cast iron 
and the addition of some others whose presence is desired. 


__ By the Basic process, either Open Hearth or Converter, it is possible to eliminate phosphorus, but 
this element cannot be removed by the Acid process, and consequently for the latter it is necessary to use 
raw material (pig iron, scrap and ore) which is as free from phosphorous as possible. 


The elements, besides iron, with which steel makers are mainly concerned are carbon, silicon, 
manganese, sulphur and phosphorous, all of which are found in various proportions in all qualities of 
pig iron. These are the elements which are usually quoted in analyses of steel as they are the only ones 
which are generally sought for by the works chemist. 

The removal of carbon, silicon and manganese from the raw material is effected by oxidation, as 
each of these elements has a greater affinity for oxygen than for iron. In the Converter processes the 
necessary oxygen is supplied from the air used in the blast. In the Open Hearth processes the oxygen is 
supplied in part from the excess air in the furnace gases and in part from iron oxide, which results from 
the oxidation of some of the iron while it is being melted in the furnace, part of the oxygen is supplied 
from iron ore which is added to the charge. The molten iron oxide, iron ore, &c. floats as a slag upon 
the bath of liquid metal in the furnace. 

Ferric oxide is soluble to some extent in liquid iron, Whilst molten oxide in the slag is in contact 
with the liquid iron some of it will become dissolved in the metal, and by diffusion will be carried throughout 
the mass of the metal. Here it meets with the carbon, silicon and manganese present in the iron and 
chemical action between these and the oxygen ensues. Such of the oxygen as meets with silicon 
combines with it, forming silica (SiO,), which separates out and floats up and mixes with the slag. That 
which meets with the manganese produces manganese oxide, which also finds it way into the slag. That 
which meets with carbon combines with it, forming CO, which is a gas and which separates out as 
bubbles. It is the separation of the CO, which causes the “ boiling” of the liquid metal, and the escape 
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of the gas so stirs up the liquid metal that fresh portions are continuously being brought into contact 
with the slag, and thus new charges of ferric oxide are continually being absorbed into the metal, and 
therefore continually oxidizing some further portion of the carbon, &c. 

Some carbon and manganese are required in the finished steel, but the oxidizing process is carried 
on until most of both these elements is removed, and afterwards the necessary amounts of carbon and 
manganese are added. 

When the metal is tapped into the ladle it will still contain some ferric oxide dissolved in it. Ferro 
manganese is added to the contents of the ladle. This is an alloy of iron, manganese and carbon. 
Sufficient is added to give the requisite quantity of carbon and manganese to the finished steel. The 
manganese has a strong affinity for oxygen, and as its molecules meet some of those of the ferric oxide still 
remaining in the metal these are reduced to metallic iron and the manganese becomes oxidized into 
manganese oxide, which is insoluble in the iron and which separates out in the form of minute solid 
particles which do not much affect the properties of the steel. 

‘Some of the dissolved ferric oxide, however, will meet with carbon in the metal and will form CO, 
gas, which in attempting to escape will cause the metal to be “ wild” in the ladle and mould. Some of 
the bubbles becoming entangled with the solidifying metal do not escape, and remain in the metal 
forming what are called “ blow holes.” The de-oxidization of the metal is sometimes assisted by adding 
ferro silicon; the SiO, produced is not gaseous. The use of this reagent prevents the inclusion of too 
much manganese in the steel. 

ManGaNese IN Sreet.—As has been stated some of the manganese becomes converted into 
manganese oxide. This has little effect on the properties of the metal, but the major portion remains as 
ae manganese in solid solution in the iron. This portion does affect the physical properties of the 
metal. 

If the metal is analysed for manganese both portions of the manganese will be found, i.e. the portion 
which is in the metallic form and that which is in the metal in a combined form. Ordinary analysis 
does not shew how much of each form is present, and no doubt it is due to this that such differences in 
the behaviour of certain percentages of manganese have been recorded by different experimenters. The 
same remarks apply to the effects of silicon as analysis does not differentiate between that which is in the 
form of solid solution in the iron and that which exists in minute inclusions as silicates or as silica. 

It has just been mentioned that one cause of blowholes in ingots or castings is the formation of CO, 
in the liquid metal through the meeting of some of the ferric oxide dissolved in the metal with the carbon 
of the steel, and the subsequent entanglement of the bubbles of gas in the solidifying metal. There is 
another cause of formation of blowholes. CO, gas is to some extent soluble in liquid steel, and the hotter 
the steel the greater amount of the gas can be retained in solution. When this gas is being freely formed 
the metal will be saturated with it even after fresh quantities of the gas have ceased to be formed. 
When such metal cools down some of the gas will be thrown out of solution. This is the cause of the 
formation of those blowholes which are sometimes found regularly disposed near to, but not quite at, the 
surface of the casting or ingot, and which are sometimes erroneously stated to have been derived from 
the material of the mould lining. The regular distribution of this kind of blowhole shows a parallelism 
to that of the air bubbles in ingots of artificial ice made by freezing water which contained air in 
solution. 

SuLPHUR IN StEEL.—Next let us consider the effect of sulphur, a small quantity of which is always 
resent in all iron and steel. Sulphur has a strong affinity for iron and when brought into contact with 
eated iron it combines with it, forming ferric sulphide (Fe 8). This to some extent is soluble in molten iron. 

Sulphur, however, has a stronger affinity for manganese than it has for iron, and if manganese is added to iron 
containing ferric sulphide in solution the sulphur will leave the iron and combine with the manganeses 
forming manganese sulphide. In practice, however, some time is required to enable the moleculee 
of the two substances to meet, as neither will be present in large proportions in the iron ; manganese 
sulphide is not so soluble in iron as ferric sulphide, and separates out as numerous small inclusions of 
nearly spherical form, which do not very much affect the physical properties of the metal. Ferric 
sulphide, however, behaves very differently. Some small portion will remain in solid solution in the iron, 
but will be rejected on solidification and will form itself into extremely minute and thin lamine between 
the crystals of the iron. In this form it seriously reduces the tenacity and continuity of the metal. 
This peculiar behaviour of iron sulphide is one reason why manganese is added to steel, as the manganese 
sulphide, gathering itself up in globular form instead of thin lamin, is not nearly so detrimental. The 
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differences of behaviour of the two sulphides might perhaps be likened to those that would arise 
between plates with a few small round holes in them, and those with an equal number of rather long 
cracks, Phosphorous, when present in the small quantities which exist in steel, remains in solution, both 
in the liquid steel and in the steel after solidification has taken place. 


Errect or Carson.—We will now consider the effect of the most important element in steel, viz., 
carbon. Carbon combines directly with both iron and manganese, forming definite carbides, Fe, C and 
Mn,C. Any manganese carbide which is formed is always found associated with the Fe, C, and so need 
not be specially considered. Fe,C. when in the solid state has the technical name of ‘Cementite,” and 
although in one of its forms it is spoken of by metallurgists as “massive cementite” it must not be 
considered that it can exist in large pieces, the term “massive” being used in a relative sense only. The 
so-called “massive” cementite being of such small dimensions as to require a microscope to enable it to 
be seen. 

Liquid iron will dissolve carbon or ferric carbide in considerable quantities before it becomes 
saturated. The saturation point we shall find to be important when considering the subject of cast iron, 
but not with steel, as in all the qualities of steel used for structural purposes the saturation point is not 
approached. When iron containing the proportion of carbon which makes it steel solidifies, it 
crystallizes out. The minute crystals as they first separate out arrange themselves in a form which is 
likened to a fir tree structure. Some very fine samples of this form are occasionally found in the sink 
heads of large castings, in which, after part of the metal has solidified, the liquid remainder runs away 
to fill up the voids caused in other parts of the casting through shrinkage of the metal, thus leaving the 
crystalline form in evidence. Where this flowing away of the metal does not take place the spaces 
between the strings of crystals will become filled in with other crystals and the mass becomes solid so 
that the fir tree formation can be no longer seen. When first solidified the metal is homogeneous in 
composition and consists of a solid solution of the ferric carbide in iron. As it cools below a certain 
critical temperature a change takes place. The carbide ceases to be uniformly diffused throughout the 
mass but gradually concentrates towards certain spots, leaving the iron around these localities free from 
carbon. If the cooling has been sufficiently slow, a suitably prepared section of the metal, examined 
under a microscope, will show the structure to consist of crystal grains of pure iron, termed “ ferrite,” 
intermixed with grains of a quite different nature, these latter containing all the carbide. These erains 
are termed “pearlite.” The relative proportion of the ferrite and pearlite grains depends upon the 
quantity of carbon in the steel. As the percentage of carbon increases, so, in like proportion, does the 
pearlite at the expense of the ferrite, When the carbon is increased to 0°89 per cent., an amount which 
is never reached in structural castings, but which occurs and may be exceeded in tool steel, the whole 
mass will consist of pearlite. When specimens of pearlite are examined under high magnification, it is 
seen that pearlite itself has a duplex structure, it being composed of an intimate mixture of carbide and 
pure iron, in other words of cementite and ferrite. 


Heat TREATMENT OF StEEL.—Now take the reverse operation, instead of cooling the metal from 
a very high temperature down to the normal, heat it up gradually, starting from the normal temperature 
at which it consists of a mixture of pearlite and ferrite. After reaching a certain temperature it will 
be found that the proportion of pearlite has become less, some of the carbide has gone into solution in 
the adjoining ferrite and can no longer be seen as a separate substance. At a definite critical 
temperature all the pearlite will have disappeared and the metal will have an apparently uniform 
structure. All the carbide will have gone into solution, and we shall apparently have a homogeneous 
material. It is reasonable to suppose however that complete homogeneity will not be at once attained, 
but that there will be a greater proportion of carbon in solution round the original locations of the 
pearlite grains, so that if the metal were cooled at once to permit the pearlite to again separate out it 
would be found to have practically the same locations as before. If, however, the heating is maintained 
long enough a more perfect diffusion will take place, a more nearly homogeneous composition will be 
obtained, and then, on again cooling, the disposition of pearlite and ferrite will not depend upon their 
original positions but upon the final rate of cooling. 


It should be mentioned that these various structures of the metal at different temperatures and 
under different conditions are ascertained by quenching out specimens from the particular temperatures 
in cold water, this sudden cooling preventing any further change from occuring, as all transformations 
necessarily require a certain time in which to take place. 
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Tt will be seen from the above what an important part temperature plays in determining the struc- 
ture of mild carbon steel. The question of rate of cooling also has a further important bearing, as upon 
it depends the size of the crystallization or coarseness or fineness of grain. It has been mentioned that 
cooling from liquid to solid in any metal slow cooling is conducive to coarseness of crystallization and 
this must apply to steel. Besides this special point of the conversion of liquid into solid there is another 
critical temperature which influences the size of crystals. If steel is raised to, and kept at this tempera- 
ture for a sufficient time and is then cooled at a suitable rate, a fine crystallization results whatever 
may be the fineness or coarseness of the original structure. This process of regulating the structure of 
the steel is termed “ Refining,” and is one of the results aimed at in annealing steel castings. The 
subject of annealing will be dealt with later on. 

The diffusion and separation of pearlite into and from the mass of the solid metal necessarily 
involves the bodily transference of molecules of solid carbon or of solid carbide amongst the molecules 
of solid iron. This is precisely what takes place in the ordinary method of making steel from wrought 
iron by the “Cementing” process and also in the process adopted for “case hardening ” articles made 
from wrought iron. 

In these processes wrought iron in as pure a form as can be obtained is imbedded in carbonaceous 
material and then the iron together with the enveloping carbon is raised to a temperature, very high, but 
below the melting point, and is kept at this temperature for a considerable time. It is found that tke 
outer portion of the iron combines with the carbon in contact with it forming carbide of iron. This 
newly formed carbide transmits some of its carbon to its pure iron neighbouring particles and at the 
same time absorbs more carbon to make up the amount it has transferred. In time sufficient carbon 
becomes absorbed and diffused throughout the whole mass which then has become converted into steel. 


Cast Iron. 


We will now consider the very complex material known as “Cast Iron.” The composition of cast 
iron may vary over a very wide range. Its principal component is, of course, iron but the proportion of 
this element may be anything between 91 and 95 per cent., the remaining 9 to 5 per cent. consisting of 
some of many possible substances, such as carbon, silicon, phosphorous, manganese, sulphur, arsenic, 
copper and any other element which may exist in the ore from which the metal issmelted and which will 
be reduced in the blast furnace along with the iron. Of all these the most important is carbon, but the 
relative proportions of each in the metal used are of the first importance in determining the character of 
the castings made. 

It may be said that in this country the metal for iron castings is always melted in cupolas, the 
founder’s raw material being pig iron of various grades, scrap cast iron, and sometimes scrap wrought 
iron or scrap mild steel. Usually the founder is careful in so proportioning the amount of each grade of 
pig and of scrap used as his experience teaches him to be necessary for producing a casting of the required 
character. 

In the same blast furnace using the same kind of ore, limestone and coke, various kinds of pig are 
produced depending upon variations in the working conditions. For instance a variation of temperature 
in the reducing zone of the blast furnace will cause a variation in the proportion of silicon which will be 
reduced and pass into solution in the liquid iron. The liquid iron when prodnced in the blast furnace 
will have in all cases to trickle over a large mass of glowing coke and it will therefore dissolve as much 
carbon as will saturate it at its particular temperature, and a similar state of affairs occurs in the cupola 
of the foundry. 

ANALOGY BETWEEN AQurEous SoLutions AND Cast Iron.—It was mentioned that the amount of 
any particular salt which water will dissolve until it reaches its saturation point will depend upon its 
temperature, and that water which has already had a quantity of one particular salt dissolved in it will 
not be able to dissolve so much of another salt as would be the case with pure water at the same 
temperature. Similar actions are found to occur with iron. Up to a certain very high temperature, 
the higher the temperature is, the more carbon the iron will take into solution. With equal temperatures 
however, iron which already contains a quantity of silicon in solution will become saturated with a less 
carbon content than iron free from, or containing less, silicon. The same thing is true but to a much 
less extent with regard to each of the other elements. 
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The manner in which cast iron solidifies when cooling depends of course on the rate of cooling, but 
it depends even more largely upon the kind and quantity of the various elements present in it. The 
matter is a complex one owing to the diversity of composition of the various cast irons in use. Let us 
first consider an imaginary but simple case in which the only element combined with the iron is carbon. 
This particular hypothetical case which never occurs in practice is perhaps the one which has been 
studied with the greatest care and which is therefore the best known. Many experimenters have worked 
on the problem and have produced what is known as the equilibrium diagram of iron and carbon. This 
diagram is of the very first importance as regards steel but it also illustrates cast iron exceedingly well. 


CARBON PERCENT: 


[RON - CRRBON EQvILIBRIdy Curve 


Accorning To __ RoBerrs~ Ausrin. 


In this diagram, which is taken from an illustration in one of the volumes of Transactions of the 
Tron & Steel Institute, the ordinates represent temperatures on the Centigrade scale and the abscissae 
represent the carbon content of the iron carbon alloys. 

The line A B D represents the freezing or melting points of the various alloys. It is seen that the 
melting point of pure iron is about 1600° C. With each addition of carbon the melting point becomes 
lowered, until, when the carbon content is 4°25 per cent. the lowest melting point, viz. 1130° C., is 
reached, Further additions of carbon cause a rise in the temperature of fusion, 
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Let us suppose we have pure liquid iron poured through sufficient glowing carbon so that when it 
leaves the carbon it is saturated with it at its actual temperature. The diagram shews that at the 
temperature of 1280°C. it will contain 5} per cent. of carbon which will all be in solution. As it cools 
down it will no longer be able to retain so much in solution and some of the carbon will solidify out in 
the form of graphite. When it has cooled down to 1130°C. the carbon in solution will have become 
reduced to 4°25 per cent., the remaining 1°25 per cent. will all be in the form of graphite flakes, most of 
which will be suspended in the still liquid iron, while some will have floated up to the surface out of 
the metal, which at this temperature will all be liquid, On further loss of heat, solidification of some 
of the iron will occur and along with it there will be separation of more graphite as the cooler iron 
cannot retain so much carbon in soluticn. This will continue until there remains only 2-0 per cent. of 
the carbon in solution, after which further cooling will cause the separation of combined carbon or 
cementite intermixed with pure iron. An analysis of the carbon present in this cast iron would 
be recorded as combined carbon 2°0 per cent., the remainder of the carbon being recorded as 
“graphite.” 

If the cooling had been more rapid more of the carbon would have remained in the combined form, 
that is, it would have been in the form of cementite, as it would not have had time to separate out as 
graphite. 

Action oF Sinicon.—Now let us consider what would have occurred if the metal instead of 
consisting of iron and carbon only had contained a considerable quantity of silicon. In the first place, 
the presence of the silicon would have prevented so much carbon being in solution at the start. During 
the cooling out the effect of the silicon would have been still more pronounced in the prevention of the 
retention of carbon in solution, and more of the carbon would have been deposited as graphite than in 
the case of the purely iron-carbon metal, and this process would have been continued throughout the 
freezing, so that by the time complete solidification was reached there would have been more graphite 
and less cementite in the metal. In other words, the iron would have been more “grey,” and 
consequently softer and weaker and more easily machined. 


Action OF PHospHoROUS.—AIl pig iron contains phosphorus in various proportions ranging from, 
say, 0°03 to upwards of 1:7 per cent., and we therefore always have to reckon with phosphorous in iron 
castings. The phosphorous in cast iron always exists in a definite combination with both iron and carbon. 
This compound has a lower melting point than iron. Above the melting point of iron it becomes 
dissolved in the iron, but as the temperature falls and the iron, including the ferrite (pure iron), cementite 
(iron with combined carbon), and graphite are solidified out of the fluid metal, the phosphorous 
compound is rejected by each and is the last portion to solidify on cooling. In cooling cast iron, there- 
fore, the order of separation of its constituents appears to be: 1, graphite; 2, graphite and ferrite ; 
8, cemetite and ferrite; 4, phosphoric compound of iron phosphorous and carbon. 


The various brands of pig iron contain the several constituents in different proportions, and by 
suitably mixing the pig he uses, the founder has to a considerable extent the means of securing that the 
castings he makes do not contain any one element to a dangerous degree. In using scrap he has the 
advantage of metal which has previously been selected or mixed so as to contain no undue proportion of 
any one injurious ingredient. In making his selection he need not consider carbon, as his cupola will 
always provide him plenty of that element. 


Semi-SterL.—The admixture of a considerable proportion of wrought iron or mild steel scrap is 
frequently employed when extra strong and tough castings are required. ‘The product is sometimes called 
“semi-steel,” but this is a misnomer, as there is nothing in the nature of steel in the product after it has 
been melted in a cupola. It is cast iron, that is, it is iron with a large carbon content, mach of it in 
the form of graphite. Its good qualities are due to the fact that the addition of pure iron has enabled 
the proportions of deleterious elements, such as sulphur and phosphorous to be kept low. 


In using wrought iron or mild steel scrap as an ingredient of cast iron, it is advisable not to use the 
metal as it first runs from the cupola, but to cast it in the form of ingots or pigs which can then be 
remelted and used for the castings. The reason is that the cast iron pig or scrap in the cupola charge 
melts at a lower temperature than the wrought iron or steel and runs out first, and there is a risk that 
the mixing in the ladle will not be so complete as is desirable. By casting into ingots and remelting a 
more perfect mixing is obtained. 
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Ixrivence or Repgatep Mrnrixe.—It is sometimes said that remelting cast iron improves its 
quality. It cannot be too strongly insisted upon that the quality of cast iron depends solely upon its 
composition and upon the conditions of its cooling out from its last melted condition, and that its 
previous history as regards the number of meltings has no influence upon its qualities. ‘The use of cast 
iron scrap is justified, not because it has heen melted several times previously, but because it is some 
guarantee that when previously cast it had beén made from a mixture of pigs, &c., and so does not 
contain particular impurities in excess. 

It is true that continued remelting in a cupola does alter the character of a particular lot of iron, 
but the alteration is solely due to the fact that the continued remelting alters its composition by oxidizing 
some of its previous constituents and by adding to its sulphur content and possibly to other objectionable 
elements by the amount it picks up from the impurities in the coke used. 

It has been mentioned that all ordinary iron castings are produced from cupola melted iron. This 
is the case in this country, but there have been in the past some few cases in the United States where 
special boiler accessories have been made from cast iron of high quality melted in crucibles. 

Comparatively recently much attention has been given to the improvement of cast iron castings, 
partly owing to the necessity of having very strong and very tough castings for special purposes, and 
partly due to the immense sizes which are now required for some castings for structural purposes, which 
must be made as free from defects as is possible, and in which a failure involving condemnation would be 
most serious, both as regards expense and also as regards the loss of time involved. ‘To enable the very 
pest results to be secured, the composition of the metal must be as completely under control as it is in 
the case of steel making, and for this to be possible the selection of the iron must be made from a 
knowledge of its actual chemical composition and must not be made by the old method of judging the 
composition from the appearence of the fracture. 

Ixrivence or Rare or Coorma.—In describing the separation of graphite, ferrite, cementite, 
and the phosphorous compound during the solidification of cast iron, it ought to have been mentioned 
that the rate of cooling has a greater influence on the structure of cast iron than it has on the structure 
of most other cast metals. If the cooling is comparatively slow much of the carbon separates out as 
graphite, and the iron is what is called “grey.” If, however, the cooling is more rapid, some of the 
carbon which would have separated out as graphite in slow cooling will remain in the combined form 
and the metal will contain more cementite. If the cooling is very rapid, the iron will contain still more 
cementite, and will in consequence be harder and more brittle. It will be what is known as “white.” 
In one casting made from one pouring of metal it is possible that different parts will have very different 
properties, The thicker parts, in which cooling is slowest, will be soft and “grey,” whilst thin parts 
will be harder and inclined to be white. Even in the same part of a casting we shall find that the 
metal near the surface is harder and more close than that near the centre of the section, owing to its 
having been cooled more rapidly by its contact with the cold surface of the mould, whilst in very large 
sections the metal near the centre is very soft, coarse grained, and is comparatively weak. 

rst Preces For Cast Iron.—It will be seen from these considerations that a test piece cast 
attached to an iron casting will not necessarily represent the properties of the iron throughout the 
casting, and may possibly be misleading. 

In cases where it is necessary for the metal of important castings to Possess definite qualities, it is 
best to determine what composition of metal will give these qualities in the casting, then to ascertain 
what test results this metal will give when run into specially cast test pieces. When the casting is being 
poured a small ladleful of the metal can then be taken, and some similar test pieces cast from it. ‘These 
pieces should then show upon testing the specified qualities. 

Cross breaking tests are more often used than tensile tests for cast iron as they are far more reliable. 
In making these tests, the pieces are generally used as cast, not machined, the section being usually either 
1 in. square or 2 ins. by 1 in., any slight deviation from the desired dimensions being allowed for in the 
result, Such tests can be loaded with precision, whereas with tensile tests poor results must always be 
obtained unless the pieces are set and gripped in the machine with meticulous accuracy, as owing to the 
unyielding nature of cast iron, the stress will be unevenly distributed over the section if the resultant of 
the load on the specimen does not pass precisely through the centre of gravity of the cross section. 
In fact, tensile tests of cast iron may be said to be more a test of the skill of the tester, than of the 
quality of the cast iron. 
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GENERAL REMARKS. 


Having now discussed some of the points of importance regarding the various metals used for filling 
the eg we will now consider some points regarding castings generally and the defects to which they 
are liable. 

What is desired in every casting is that it shall be sound throughout, accurate in shape and 
thickness and free from initial strains in every part. 

The ideal casting could be produced only provided the following ideal conditions could be observed :— 

1. The pattern and therefore the mould, must be made accurately to scale by having each and every 
part of it precisely the amount larger than the casting to be produced to allow for the inevitable contrac- 
tion which ensues as the just frozen or solidified metal cools to the normal temperature. This condition 
does not present much difficulty although some judgment is required to allow for the effect of the 
impossibility of attaining to the ideal condition No. 2. 

2. The metal must necessarily be run into the mould in a liquid condition. To ensure freedom 
from strain it should cool uniformly throughout the whole casting and the cooling should be such that 
the freezing of the metal takes place throughout the mass at the same instant. This is impossible of 
attainment, for as has been stated for complete freezing the large amount of latent heat of fusion has to be 
abstracted. This can only be a gradual process, and so a considerable time must elapse between the 
freezing of the first particles and the final solidification of the whole of the metal. During this freezing 
process, whilst part of the metal is still liquid, in the cases of those metals in which contraction takes 
place on solidification, as the freezing proceeds the volume of the metal decreases and gravity causes the 
portion remaining liquid to run away from the upper parts of the mould into the vacancies caused by the 
contraction in the lower parts, and unless the mould is fed by additional molten metal, voids will appear 
in the upper portions. 

3. The mould necessarily has to be made of sufficient strength to withstand the fluid pressure of the 
molten metal without deformation, and it must be remembered that this pressure is about eight times the 
amount which would result if the mould were filled with water. When the metal is frozen and still 
further cools it contracts, and the mould must then be sufficiently fragile as to yield to the contraction 
without putting a great stress on the metal. This is very important at the earliest stages of the contrac- 
tion because then the metal, being near to the melting temperature is not strong. If the rigidity of the 
mould exceeds the strength of the hot metal the metal has to give way and “hot cracks” or “contraction 
cracks” result and even if cracks do not result severe strains called “ contraction” strains are left in the 
casting. 

This ideal condition can never be realized in any casting but much is done to approximate to it by 
making the interior of cores and mould blocks for hollow castings of fairly collapsible materials such as 
strawbands, &c. for pipe cores, crushed coke, &c. for larger blocks and having the mould faces of hard 
baked material only sufficiently strong to withstand the fluid pressure. Also by arranging the mould so 
that parts of it held together by bolts, &c. when first made can be slacked off when the metal has set. 
The importance of this is apparent if we consider that some of the large castings successfully made may 
contract during cooling as much as from 4 to 6 inches in some of their dimensions. 

4. Whilst considering the means to be provided for preventing the rigidity of the mould from 
producing contraction strains special attention must be given to parts of the casting where variations of 
thickness occur or where through the meeting of ribs, &c., there is a greater accumulation of metal than 
is proportionate to the surface which will radiate away the heat. At such places there will be a mass of 
fluid or semi-fluid metal at the same time as other parts of the casting have cooled into a stronger 
condition. The continued contraction of the stronger parts will cause considerable stress and possibly 
rupture of the weaker portions. This condition of affairs is sometimes provided for by the inclusion of 
masses of cooled metal called “ chills” in suitable positions in the walls of the moulds to cause more rapid 
cooling of the thick portion. Sometimes where the design is such as to make it inevitable for some 
portions to remain fluid while neighbouring parts have solidified, additional comparatively thin parts are 
added to bridge over the weak spots, and then when the casting is stripped from the mould these added 
parts are cut away. 

5. Founders rightly pay much attention to casting temperatures. Upon the casting temperature 
depend both the soundness of the casting and also the final condition of the metal of the casting. The 
connection between both of these matters and the temperature of pouring will be found to be indirect, 
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Consider the question of soundness. The mould before pouring is necessarily cold. When the hot metal 
is run into it its inner surface is rapidly heated by the incoming metal, which consequently loses heat in 
the process. ‘The metal which just enters the mould has to travel through the mould in order to help fill 
the distant parts. At the furthest part of the mould it is probable that more than one stream of molten 
metal will meet, and it is therefore necessary for the metal of these streams, which have become lowered 
in temperature, to be sufficiently fluid to unite, otherwise there will be what is called “cold shot,” and 
possibly if the metal has become too cold to flow freely there may even be a void in the casting. These 
considerations shew that in general a large casting containing many thin portions will require to be run 
hotter than one with thicker sections. Possibly also it may be advisable to run such a casting by pouring 
simultaneously at more than one “gate.” Further there will be different conditions in the cases of a 
large and deep casting and of a shallow one of the same horizontal dimensions. ‘The metal first run in 
naturally flows to the bottom of the mould, and it may weil be that in the deep casting if the pouring 
temperature is not too high the lower portions will have set (frozen) before the pouring is complete. The 
pouring in such a case will naturally feed the lower portions, whereas if the pouring temperature is high 
the mould will become full before any freezing takes place, and there will in consequence be a greater 
volume of feeding metal to be provided for by risers or feeding heads. 

The effect of pouring temperature upon the quality of the metal is due to the fact that upon it 
depends the rate at which solidification occurs and also the rate of cooling after freezing has taken place. 
The coarseness or fineness of grain of the metal depends upon the first of these, and the minute structure 
of the individual crystals of the metal depend upon the latter especially in the cases where subsequent 
annealing is not practicable. If the metal is poured very hot the material of the mould will become hot 
and will therefore have its capacity for absorbing further heat considerably reduced before the metal will 
be cooled down to its freezing temperature. 

ANNEALING.—We will now consider the question of annealing. The difficulties of ensuring a sound 
casting have been mentioned, that is to say a casting free from cracks, blow holes, or other mechanical 
defects. It has also been mentioned that it is not easy to produce a casting free from initial strains even 
although it might be otherwise sound. It is mainly for the relief of initial strains that annealing is so 
beneficial. Unfortunately it is only in the case of steel castings that drastic annealing is practicable. In 
the case of cast iron it has been found that annealing, 7. raising the casting uniformly to a bright red 
heat and then allowing it to cool slowly, but uniformly, is the reverse of beneficial. Although initial 
strains can be removed the quality of the metal is impaired, and considerable loss of tensile strength 
ensues. That considerable initial stresses occur in large cast iron castings is shewn by the changes of 
shape which take place when stressed parts are removed by machining. An attempt to remove or at least 
to minimize some of these initial stresses is sometimes made in the case of large iron castings which are 
to be subjected to steam pressure, by filling them with steam at as high a pressure as is possible after 
they have been rough machined to nearly their finished dimensions but before the final cuts are taken 
off. Any changes of shape which occur during this modified annealing are evidences that the stresses 
did exist and have been partially removed. 

Tn the case of so-called brass castings, whether made of true brass (copper-zinc) or of some of the 
bronzes it is not customary to apply annealing. In the case of gun metal there is not unanimity 
of opinion as to whether annealing would be beneficial or otherwise and it is to be remarked that in the 
cases of many of such castings such as cocks, valve chests, &c. the conditions of manufacture necessitate 
the employment of such thicknesses and therefore such ample strength that the question of more or less 
initial stress does not become important. 

It is with steel castings that annealing becomes all important. Steel castings are only used for 
purposes in which great strength and absolute reliabilty are required, and these qualities can only be 
obtained by making sure that the castings are free from initial strains and that the metal throughout is 
in its best physical condition. 

We have seen that to ensure freedom from initial strains we must arrange for a uniform cooling of 
all parts of the casting, which is an impossibility whilst it is in the mould and we have also seen that the 
parts of casting which freeze most slowly have necessarily a coarser structure than those parts which 
solidify more rapidly. Annealing ameliorates both these defects. When the casting is placed in the 
annealing furnace it can be raised to a uniform temperature throughout. The temperature aimed at is 
that critical temperature which breaks up the coarse crystallization. At this temperature the pearlite 
disappears, the carbon becoming uniformly diffused throughout the whole mass and at this temperature 
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also the metal frees itself from all initial strains, it being so plastic that it will yield to very small stresses 
either in tension, compression or shear. When in this condition the heating of the furnace is discontinued 
and the casting can then be allowed to cool uniformly in the furnace itself until its temperature is reduced 
sufficiently to enable it to be taken out. 

As stated at the commencement, these remarkes are not intended to be complete instructions in 
regard to foundry practice, but they have been written with a view of shewing some general principles 
which underlie the making of castings. No specific casting has been mentioned except the comparatively 
simple one of a steel ingot, but a proper appreciation of the physical qualities of the various metals used 
and of the principles which underlie the processes which have to be adopted must be of assistance to the 
founder in deciding how to make his moulds, where to place his gates and risers and at what tempera- 
tures he will pour the metal. Further, it is thought that the remarks may be of service to the engineer 
who has to use castings, as he will often have to decide upon whether a particular casting may be 
accepted even when some imperfection is present, and in important cases he may have to determine how 
test pieces shall be prepared in order that they may truly indicate the quality of the metal used. 


DISCUSSION ON Dr. J. T. MILTON’S PAPER. 


ON 


“REMARKS ON CASTINGS.” 


Srr W. 8S. ABELL. 


It is indeed difficult to criticise any communication that Dr. Milton makes, seeing that he deals with 
his subject so very thoroughly and completely. There is another reason perhaps for my inability to ask 
such questions as might serve to make the particular question clearer, and that is my own want of knowledge 
of metallurgy. 


I feel, however, that we are all yery much indebted to Dr. Milton for the clear way in which he has 
brought out the question of alloys. The word “alloy” is, in general, an expression used to cover our 
ignorance, but the analogy introduced as between the formation of an alloy and the formation of solutions 
in water has been extremely helpful to me in understanding the nature of the physical processes which 
occur in most of the problems of material which concern us, and I myself (and I think the Association 
as a whole) will be very grateful to Dr. Milton for his clear exposition. 


I should like to ask one question, however, and that is—to what extent the amount of work applied 
to rolled material, such as plates and sections, which the shipbuilder uses as his raw material, affects the 
mechanical structure of the finished product. I appreciate, as Dr. Milton says on page 10, the important 
part that temperature and heat treatment plays in the case of ordinary carbon steel, and I am rather 
tempted to believe that the amount of work, say per pound of material, applied between the commence- 
ment and finish of the rolling process must also play an important part in the structure of the finished 
product. And, speaking generally, I am also inclined to believe that the rate of breaking down of the 
finished product must also to some extent affect the finished structure. I am not aware so far that much 
research has been carried out in this direction, but if Dr. Milton could perchance give say only his opinions 
on this question, perhaps it would give a useful point of view from which to judge the question of 
reliability of manufacture when we come, as we may hope to come, to deal with some new or improved 
material for structural purposes. 


Speaking for my own side of the House, I regard it as a very valuable asset to have my engineering 
colleagues to fall back upon whenever difficulties arise with shipbuilding material, and again I feel sure 
that Dr, Milton’s communication will be of great help to the shipping industry. 


Mr. H. Ruck-KeEene. 


We are much indebted to Dr. Milton for his most instructive ‘“ Remarks on Castings.” 


He has put the main points of comparison between physical properties of water and metal in 
an entirely new light which you will find in no text-book. 


The knowledge of the properties of cast iron, cast steel and alloy castings is all the more necessary at 
the present time, especially with regard to the increasing developments in Marine Engineering. 
_ With higher boiler pressures and the use of superheated steam, stop valve chests and steam pipe 
fittings require to be of cast steel or other approved material. 


For the approval of other materials for such castings it is necessary to know their properties when 
they are subjected to great heat. 
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Take again the advance in the number and type of Diesel engines under construction. The cylinder 
liners and piston heads are subjected to a temperature of about 3,000°F. 


It is only by careful research work that a suitable material is found which will withstand these 
temperatures on one side with cooling water on the other—a special grade of cast iron is the usual material 
used, sometimes having a tensile strength of 17 to 18 tons per square inch. 


A careful study of points raised and the general remarks given in this paper regarding the manner 
of casting metals and alloys, and the effect of heat treatment on them will be of great assistance to us In 
dealing with the various problems of castings which we meet with in our daily work. 


Care must be taken in designing a casting with a view to minimising the probability of draw holes. 


In a recent case a cast iron bend on the steam pipe line of a vessel burst, killing two men. On the 
outside of this bend was a strong rib. On examination it was found that the metal of the casting near to 
this rib was spongy, and it was evident that this was due to the rib feeding from the body of the casting. 


In a recent paper by Messrs. Young & Wood read before the Institute of Marine Engineers the 
authors drew special attention to the same action having occurred in cast iron tee pieces which had 
solid ribs. 

With reference to Dr. Milton’s remarks regarding the failure some years ago of some cast steel stern- 
frames, there have been in the past few years a number of such sternframes which have shown defects 
after the vessels have been in service. Mr. Ripley, the Society’s Inspector on Steel Castings for the Clyde 
District, has made a very careful investigation into the causes of the failures of several of these pea 
and it would be of great interest to the Staff Association if Mr. Ripley would furnish his remarks on the 
investigation he made on these castings. 


In conclusion T wish to thank Dr. Milton for his valuable paper. 


Mr. W. Warr. 


I am very pleased to be here this evening, and to note how ably my successor Mr. Carnaghan is 
performing the duties of president. I am also pleased to join in the welcome to our old friend Dr. Milton 
who has done so much for our Association. 


The paper submitted by Dr. Milton is full of valuable information, valuable alike to the 
manufacturer and the Surveyor who has had to examine the products. We may add something from 
practical experience to the value of the paper, but I do not think we can take anything from it. 


I have heard the analogy of the salt and water used by several lecturers in describing the parallel 
processes in metals, but I do not remember it being carried so far or presented more effectively. 


The author has described how the cooling or freezing process is retarded or accelerated in order to 
retain some property of the constituent metals. Now the process of absorption and diffusion in aqueous 
solutions follows certain well-defined laws, but the change is uniform only when the change in temperature 
is uniform. 


Mr. Stead, of Middlesbrough, in a lecture delivered a good many years ago called attention to this 
process, but pointed out that there always existed a certain “drag.” That is the absorption and diffusion 
lagged behind the temperature change. ' He further pointed out that this drag was intensified in metals 
owing to the greater temperature change involved, and perhaps more so owing to the lack of uniformity 
in the sectional area of a casting with the accompanying irregularity in the rate of cooling. 

Test samples, therefore, which were manufactured for laboratory use might be exceedingly useful in 
the study of metals and their alloys, but the information derived from their examination must be used 
with great discretion, and it is just at this stage that experience and “ mother wit ” come in. 

I remember discussing this point with the manager of a large steel foundry, when he summed up the 
situation thus :— The chemist says I must do so and so, but I do what I well like, and you have 
never rejected one of my castings yet.” Perhaps that was a reflection on my inspection. 

Not so many years ago a chemist was almost unknown in many foundries where large and important 
castings were manufactured, the colour test for carbon was the only chemistry employed, and reliance was 
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placed solely in the specified composition of the pig. The old founder was jealous of the chemist and 
resented his presence in the works, but things have changed and there is now a closer co-operation, the 
result of which is reflected in the quality of their products. 

Dr. Milton has invited comment on his paper and in particular asks for notes of any special defects 
encountered in the course of oyr duties. I remember two cases in which holes were discovered in 
finished steel castings. 'The holes were clean in surface and looked as if they had been machined. In 
the one case it occurred in the crown of an anchor head, was about 3 inches in diameter and only 
communicated with the exterior by a hole about } inch in diameter. It was only discovered during the 
hammering test following the drop test. 

The other case was a large propeller bracket for a battleship, where a similar hole was found, but in 
this case it was egg-shaped 6 inches by 3 inches and perfectly clean in surface. A hole about 4 inch in 
diameter extended from the cavity to the surface of the casting. These castings were examined by 
various experts, but no one was able to give a satisfactory explanation. When broken up they were 
found to be otherwise perfectly sound. 

Regarding test pieces, the practice of casting a projection of a thickness only sufficient for preparing 
the standard test piece is to be condemned as it will seldom represent the true quality of the casting. 

On several occasions I have had test pieces cut from the body of a casting which had been rejected 
owing to failure in the tensile and bending tests, and on each occasion most satisfactory results were 
obtained. 

Test pieces taken from the centre of the metal will rarely give as satisfactory a result as similar test 
pieces taken at the outer surface, and this is as true for round rolled steel bars as it is for castings. 


It is, therefore, in the interests of the manufacturers that the test pieces be made of such a section 
and cast in such a position that they will be really representative of the metal employed. 


Mr. W. Dennis HECK. 


I feel sure that this paper with which we have been favoured will be read with interest by all our 
Members, and will be none the less enjoyed because it is entirely non-mathematical. 


Possibly we are ali somewhat prone to forget when making calculations regarding the scantlings of 
ships and machinery that our assumptions are based on the possession of entirely sound material, and a 
paper of this type serves as a reminder that we haye assumed a good deal. 

Moreover, the paper will be very helpful to those of us whose duty it is to ensure as far as possible 
that good material only is employed, and will serve as a guide when it becomes necessary to enquire into 
the procedure adopted during the manufacture of castings. 

To venture to criticise a paper written by so eminent an authority on all engineering subjects as 
Dr. Milton would to my mind savour of attempting to re-decorate the lily, but one may perhaps be allowed 
to make one or two suggestions regarding a few points. 

It is only my knowledge of the Author’s intense love for the strictest accuracy in statement which 
emboldens me to draw attention to the last clause on page 13, which states with reference to the gripping 
of a test piece in the testing machine, that the stress will be unevenly distributed over the section if the 
resultant of the load on the specimen does not pass precisely through the centre of gravity of the cross 
section. Seemingly it is quite possible to grip a test piece in a testing machine in such a manner that 
the resultant load will pass through the centre of gravity of ove cross section, and yet the position may be 
such that it is evident the test piece is incorrectly placed. 

(Mr. Heck here indicated his meaning by use of a paper model of a test piece.) 

It is therefore suggested that the definition of correct gripping might be amplified by saying that 
the resultant load should pass through the centres of gravity of at least two cross sections, or perhaps 
more simply, should coincide with the longitudinal axis of the test piece. 

Turning now to page 7, we find the statement that where heavy castings are to be made the steel is 
produced by open hearth process, acid or basic, 
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This is, of course, perfectly true, but it is also true that heavy steel castings may be, and are, made 
by converter processes. 

Heavy steel castings may be made by taking charges from two or more converters, and if necessary 
the molten metal may be retained in the ladle while a third charge is blown and added. Such a method 
may not constitute the best practice, but it is employed, and sound castings are obtained in this way. 


The point is only alluded to in order that any of our Members who have not previously encountered 
this method of manufacture shall not think on witnessing it for the first time that exception should be 
taken to its employment. 


And now having listened carefully to the paper, and having endeavoured to assimilate all the very 
excellent advice and information which it contains, one may perhaps imagine himself in the position of a 
works manager or inspecting engineer who, having obtained a good sound steel casting from the mould, 
wishes to obtain all the further advantages which good heat treatment can bestow. 


He has learnt that if a casting is raised uniformly to a temperature slightly above the critical point, 
and is maintained at that degree of heat for some time, and then allowed to cool down slowly, the result 
will be a casting free from initial strains. 


He further knows that the raising of the temperature of the whole of the casting to the critical 
point will reduce the coarser structure of those parts which freeze most slowly in the mould, 


But one may ask if the casting be slowly cooled down, will not the coarse structure re-appear, and 
not only in the heavier sections, but throughout the casting ? 


In other words, since slow cooling infers that temperatures slightly below the critical point will be 
maintained for a long period, will not the crystals tend to again increase in size ? 


Some metallurgists appear to hold the definite opinion that with mild steels slow cooling does 
produce crystal growth, and if this be so, then it appears desirable that the final cooling should be fairly 
fast, although, of course, not so rapid as to again set up initial strains. 


Finally, it appears that in the annealing of heavy castings of varying section a compromise must be 
effected, and possibly such is the result obtained in practice; but perhaps Dr. Milton will be good enough 
to give such further explanations on this point as will remove any doubts as to what good annealing is, 


CORRESPONDENCE. 


Mr. J. DyKkzs. 


Dr. Milton has given a very useful and lucid résumé on the physical metallurgy and constitution of 
the engineering metals and alloys, a subject of which engineers will have to take greater cognizance, 
since the improvements in machinery constantly demand better materials of construction, and this can 
only be met by better knowledge of these materials together with careful tests and examination to 
ensure that they will meet what is required of them. 

Engineers should be specially grateful to metallurgists. Few realize that engineering was only 
rendered possible by the discovery of fiuid or cast iron, and had it not been for this we would still be in 
the Middle Ages, and engineering confined to the village smithy and to the manufacture of such articles 
as plowshares and body armour. 

Metallurgy is often regarded as something apart from engineering, but in modern times it is as 
essentially a part of it as even designing itself. 

Dr. Milton’s paper leaves little or nothing to adverse criticism. He has done well in pointing out 
the diversity of opinion with regard to annealing of gun-metal. This alloy owes its value not only to its 
non-corrosive properties but to its extraordinary hardness and rigidity which makes it eminently suitable 
for valves and other special requirements. 

Annealing lowers the elastic limit and destroys these valuable properties rendering it no better than 
ordinary brass, 
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Dr. Milton’s account of the action of the various constituents of cast iron is very good and the 
influence of these should be studied and made use of by ironfounders. I am afraid, however, that most 
small founders find from experience an iron or mixture of pig which suits their cupola and stick to 
this as a general utility iron for all purposes. One can hardly blame them, for often enough no special 
requirements are specified and many engineers accept cast iron on trust. The folly of this procedure is 
only realized when something happens. At the present time there is a tendency to make castings direct 
from the blast furnace. This may be justifiable in large heavy castings of no particular importance, but, 
until direct metal can be made as good as cupola iron, it only should be used for unimportant work. 

Non-ferrous founders are now generally making use of temperature control in the melting and 
pouring of their metals. In cast iron foundries it is seldom one sees any effort in this direction. There 
is admittedly more difficulty in the case of cast iron but the improvement resulting from temperature 
control fully justifies its adoption. 

Unfortunately at the present moment there is a general tendency to cheapen manufactures by 
lowering the quality ; in engineering, where metals are concerned, this is a very false economy. Many 
firms have relaxed their scientific control and the result has been disastrous. 

The British motor trade built up its reputation as much by care and selection of their metals as by 
design. When the slump came many firms dismissed their trained metallurgists, and, as a consequence, 
claims for replacements, returned cars, etc., became common and good reputations were lost. ; 

To the lay mind metals and alloys are homogeneous substances, whereas Dr. Milton has shown they 
are often highly complex bodies, and the relative amounts and distribution of the constituents have a 
profound influence on the physical and mechanical properties of the metal, and it is here that the 
metallurgist can assist the engineer ; wrong composition or wrong heat treatment may make an apparently 
ample margin of safety a positive danger. 

One of the inevitable results of engineering advance is more complicated or intricate patterns. This 
throws a heavy responsibility on the foundry man. He is often asked to accomplish the impossible and is 
badly abused when he fails, in fact one often wonders how he manages to make things pay. 

Defective castings are not always the fault of the founder and if designers would only have before 
them always the fact that it is easier to produce a sound casting from a simple pattern than from a 
complicated one, it is possible that both casting and design would be better. 

Tn conclusion, we, as Surveyors, owe a great debt of gratitude to Dr. Milton for this most valuable 
paper, which is a standard work on the subject, and what is more important, is written in such a way 
that its lessons can be readily learnt and utilized. 

In my opinion this paper is so important that it should not be confined to the Society’s Surveyors 
only. 


Mr. M. Roperrson. 


In his opening remarks on “ Castings” the author, Dr. Milton, disclaims all intention on his part 
that it should be considered as an exposition on the art of founding; I like that, but I don’t agree with 
him, as I am afraid it is to his modesty we have to ascribe this remark and not to the merit of his 
paper—for if ever paper fulfilled all the conditions and was to be taken as an exposition on foundry 
practice his does. 

He has given to the Members of our Association for their benefit one of the soundest and most 
lucid papers on this subject of “ Castings” I have ever read. 

I don’t wish or seek to criticize, that is beyond iny powers, but only to add my little word of appreciation 
and to congratulate him on his good work; both as to its instructive value to the Members of the 
Association, as well as its helpful point of view to all engineering firms who require and use large 
quantities of these alloy castings in their businesses. 

I have read with the greatest pleasure and I may add profit his clear and lucid descriptions 
and details of the various alloys, particularly brasses and bronzes, their compositions, and treatment whilst 
in the fluid and solid conditions, their special qualifications for certain classes of work to which they may 
be put. And I feel that in writing and giving this paper he has materially helped the engineering 
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world at large, as well as the Members of our Association, to arrive at a truer conception of the values 
of these alloys and thus to solve many a vexed problem when dealing with these special alloy castings, 

I feel more at home when he touches on the steel castings, but even in this field, I find it difficult to 
criticize even if I wished as he deals with such a mass of details and his remarks and observations 
are so practical and instructive. 

I hope that, at no very distant date, the Doctor will find time and opportunity to write—as it were 
a sequel to the one now under review—a paper dealing entirely with the larger types of steel 
castings. I know this would be appreciated by many of us, and prove a fine outlet for an exchange of 
views and opinions. 


Mr. W. Buruer. 


Under the heading “Test Pieces as representing Castings” the Author states that it is sometimes 
the practice to use a “chill” in way of the test piece. I have not experienced that method, but I have 
seen test bars made tee section and also bars made trough section with the broad part joining the casting, 
but usually a good steel founder can locate his test bars so that he will have clean metal, and at the same 
time have sufficient head of metal to ensure sound bars. 

I take it that the objection to chills round the test bars is that the metal starts off with a finer 
structure than the rest of the casting ; but in view of the fact that in annealing the temperature of the 
casting is raised above the critical range and held at that point until the temperature is uniform 
throughout, and then slowly cooled, thereby giving the casting a uniform grain structure, with of course 
slight limitations imposed by segregation in the large masses, is it really a serious objection to use chills ? 

I would like to express my best thanks to Dr. Milton for his very fine paper. 


Mr. A. CAMPBELL. 


It has given me great pleasure to read Mr. Milton’s interesting and instructive paper on “ Remarks 
on Castings” and he has dealt so ably with the ferrous and non-ferrous metals that I find considerable 
difficulty in criticising the statements. The section on cast iron is particularly interesting to me and I 
shall confine my few remarks to that part. 

In the past iron founding was largely a matter of rule of thumb and very little scientific investiga- 
tion was made to produce the most suitable material for special purposes, but with the advent of the oil 
engine, working under high temperatures and high stresses, the metallurgist and the engineer have had to 
investigate and experiment so as to produce a cast iron which will suit the changed conditions and their 
efforts have met with considerable success. 

One of the difficulties in connection with the Diesel oil engine was to get a suitable material for the 
cylinder liners ; a metal which could withstand the high pressure and high temperature ; cast and forged 
steel liners have been tried, I believe, without success, as the walls could not retain the lubrication ; cast 
iron liners are now made having a tensile strength of 18 tons per square inch and the uncombined carbon 
or graphite is an aid to lubrication. 

The first step in the production of suitable castings is the selection of the proper raw materials for 
the cupola ; sulphur and phosphorus, within reasonable limits, are not so deleterious in cast iron as in steel 
and the percentage of these elements is usually higher in cast iron; silicon and carbon are the two 
elements which require regulating. 

I think it is probable that the high tenacity and other good qualities which a steel mixture gives to 
cast iron are due to the graphitic carbon separating out, not as flakes but as temper carbon, owing to the 
iron being unsaturated, and for this reason I think steel scrap is not used in cylinder liners for Diesel 
engines. 

The method described by Mr. Milton of using steel scrap as an ingredient of cast iron and tapping 
the charge into ingots or pigs to be subsequently remelted and used in the foundry is the correct one for 
all important castings, but for less important castings if the founder would place the small steel scrap on 
top of the charge of pig iron in the cupola there would be less risk of the steel separating out in the charge. 

I feel sure that all designers of machinery should have some foundry practice and we should have 
fewer defective castings. 
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Mr. Perer McGreaor. 


I have read with very great interest indeed Dr. Milton’s paper on castings and I am sure that the 
Members of the Staff Association are to be congratulated on having such an interesting and instructive 
paper presented to them at the first meeting of the session. 


The subject has been dealt with by Dr. Milton in a most comprehensive manner and in such a form 
as to be of the greatest assistance to the members of this Association in carrying out their surveying 
duties. 


His remarks on the non-ferrous metals and their alloys and of their behaviour under various heat 
treatments have to me been most interesting, perhaps for the reason that in the course of our surveying 
duties we are not so closely in contact with them in their actual process of manufacture as we are in the 
case of steel in its various forms. 


With regard to the manufacture of steel castings there is just one point in particular I should like 
to be allowed to refer to, and that is the method of attaching test pieces. In my opinion this is a matter 
that deserves very careful consideration for the reason that the test piece should be so attached to the 
casting as to give an absolutely true indication of the physical condition of the steel in the casting it is 
intended to represent ; therefore, the method of attaching test pieces should necessarily vary with the 
type of casting to which they are attached to ensure that the heat treatment of the casting has been 
effected in such a manner as to put the material in its best possible condition for the purpose for which 


it is intended. 


Take for instance two different classes of castings; in the first class stop valves, half bushes, levers, 
and small machinery castings, and in the second class stern frames, rudder frames and shaft brackets. 


The method of attaching test pieces in the first class is usually by means of a gate run off the 
casting, and as the thickness of the test bar is approximately the same thickness as that of the casting to 
which it is attached the heat treatment of the two is uniform to a great extent. 


Then, in the other class, that is heavy marine castings, the test pieces are usually of the same 
dimensions as those used for the lighter castings (this is stated to be for convenience) and they are 
attached to the main body of the casting direct by means of their thinner section and it will be therefore 
obvious that the material in these pieces will in the process of annealing be brought to the required 
physical condition in a much shorter period of time than the heavier mass to which they are attached, 


There is in my opinion one method by which this could be rectified, ie. by taking the test, 
representing the casting, direct from one of the feeder heads as near as possible to the body of the casting. 
This method would ensure that the casting itself had been efficiently annealed and would also enable one 
to determine to a great extent that the material of the casting in the region of the feeder head was free 
from impurities. 


It would be interesting to have Dr. Milton’s opinion as to the best method of attaching test bars 
to large castings of heavy section. 


I have again to express my thanks to Dr. Milton for his paper. 


Mr. Louis Rreuey. 


I have read the admirable paper by Dr. Milton with very great interest and pleasure, and, without 
attempting anything in the nature of criticism, I gladly avail myself of the invitation to make a few 
observations. 


In his remarks on steel making, page 7, the author states “that the composition of the metal which 
comes out of the crucible is precisely the same us that which goes into it.” When considering carbon 
content, for all practical purposes, the above statement is correct, but with silicon and manganese 
a variation is found. In the case of the former an addition is always observed and in the case of the 
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latter element a loss is to be noted in the finished steel. Reaction with the pot is the explanation in the 

case of both elements. I am, of course, referring to the Sheffield “Huntsman” process, where the 

crucibles are composed of mixtures of China and Derby clays. On the subject of the reactions taking 

pe in the open hearth process, might I suggest to Dr. Milton that the following more correctly 
escribes what happens :— 


FeO + C = Fe + CO. 


In dealing with the subject of sulphur in steel (page 8) Dr. Milton calls attention to the forms in 
which this element may be found, viz., as Ferric (? Ferrous) sulphide FeS, or, —the requisite amount 
of manganese being available—as Manganous Sulphide MnS. The atomic weight of manganese being 
55 and that of sulphur 32 it follows that one part of sulphur requires 1°73 parts of manganese to satisfy 
the formula MnS. It is the fact that apparently sound s/eels have been prepared experimentally having 
little more than the ratio of manganese to sulphur demanded by the formula—and in this connection no 
doubt Dr. Milcon is conversant with the work of Arnold, Brinell, and others—yet it is equally true that 
in commercial steels a very large excess of manganese is invariably present so that the chances of any 
sulphur remaining unprovided for are not really great. 


While I agree with Dr. Milton that the presence of Ferrous Sulphide is highly undesirable I 
am not quite prepared to subscribe to the view that inclusions of MnS—or mixed sulphides, as I 
suppose one should really describe these non-metallic inclusions—* do not very much affect the physical 
properties of the metal.” It may be observed that all commercial steels contain these inclusions to a 
greater or lesser extent, and with a casting, what is of importance when studying the question is the type 
of casting and the location of these inclusions. Unfortunately they do not behave quite in the same way 
as do the other elements which tend to segregate. Being lighter than the steel they certainly tend to 
rise to the higher parts of the moulds, but for various reasons large numbers become trapped and in 
heavily stressed thin sections become a very real danger. groups or lines of inclusions, often minute, 
forming notches in the material. Cases have come under my notice where failure has occurred owing to 
cracks starting from or running through lines of inclusions. 


I believe Dr. Milton will agree that the presence of inclusions—drawn out into lines in the case of 
forgings and rolled structures—greatly induces transverse weakness, not merely by their presence but by 
the way in which they oppose the formation of a satisfactory structure by heat treatment, the tendency 
being the retention or reforming of the original ferrite network during cooling. The problem is entirely 
one for the melting shop and is receiving earnest attention at the present time. [am not without hope 
that the difficulties associated with this phase of steelmaking will be largely overcome in the near 


future. 


Dr. Milton omits any reference to the electric furnace. It may not be out of place to mention that 
a number of electric furnaces are operating in the West of Scotland and are producing quantities of 
satisfactory steel castings and ingots for various purposes. For general steel foundry work I am 
convinced no process can compare with the Siemens-Martin acid open hearth process for easy working 
and reliability. 


I quite agree with the author as to the need for careful heat treatment where steel castings are 
concerned. ‘The problem frequently presents considerable difficulties, but hitherto has not received the 
attention it deserves in some quarters. 


In dealing with the operations of cementing and case hardening (page 10) the author describes the 
old cementation process very correctly, but I venture to disagree with him on the subject of wrought 
iron as a material for case hardening. If we except the very considerable quantity of wrought iron— 
chiefly Swedish—which goes through the cementation process before being used for the production of 
blister, shear, and the best grades of crucible steels, we might almost say that wrought iron as a subject 
for carburizing has ceased to be of value. Many reasons might be advanced for this state of affairs, chief 
of which is no doubt the difficulty of getting a good finish on an article made of wrought iron. The 
materials favoured to-day are chiefly very mild plain carbon steels or low carbon alloy steels. 
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MEETING OF NEWCASTLE BRANCH OF LLOYD’S REGISTER STAFF 
ASSOCIATION, 


Thursday, 11th October. 
Mr. F. R. Noron in the Chair. 
Mr. J. Harporrue. 


We have much to thank Dr. Milton for. This paper is only one of many over which he has given 
his time and thought to generously hand them over to us to read and refer to at any time. It doesn’t 
matter what subject Dr. Milton takes up, the thoroughness in the way he goes into the subject should be 
a lesson to all. 

Apart from engineering his general knowledge of many subjects would make interesting reading. 
When I first joined the Society a line from a schoolbook kept running through my head, “ With 
Shakespeare’s deep and wondrous verse and Milton’s loftier mind.” I must say that I have always 
looked upon the latter part as the loftier mind of Dr. Milton and forgotten about the poet. 


The beautiful illustration from nature’s own casting of ice and the imperfection encountered in the 
simplest form of ingot casting shows how abstruse the subject of casting is. I have derived much benefit 
from the reading of the paper, and one or two problems have been made much plainer. 


A little while ago we had some yellow metal castings which in one or two instances failed badly. 
On looking at the fracture large crystals were found. ‘The moulder said he couldn’t understand it, as he 
had had trouble before, and had made his mould hot so as to give slow cooling. 


Dr. Milton’s statement, “ As a general rule therefore slow cooling is conducive to coarse crystalliza- 
tion, whilst quick cooling produces small crystals or fine grain in the solid metal,” explains this specimen, 
but I am sure I)r. Milton will be able to tell a much more interesting tale than my mind would be able 
to evolve. Only last month I examined a cylinder, the third which had failed in 12 months. ‘These 
cylinders were made by a famous firm of engine builders, but had paragraph 4 in Dr. Milton’s general 
remarks been carried out, viz. : “Special attention to the variation of thickness,” the first cylinder 
would have stood up to its work. With regard to the remarks on testing, I hope I am not out of place 
in stating that when cast iron valves are tested by hydraulic pressure the casting should not be hammered 
when the pressure is on, Some Surveyors hammer the casting most unmercifully, and as l)r. Milton says 
this material is very brittle. I have examined a casting hammered thus and found cracks radiating from 
the point of impact nearly through the casting. The old way of running water into a blow hole to find 
its extent is good as sometimes the hole runs in all directions. The use of zinc, phosphorus, etc., in 
yellow metal alloys is instructive, also the iron-carbon equilibriam curve, together with the results of 
silicon and phosphorus additions. With the extra thermal stresses which cast iron is now called on to 
stand many experiments have been made with vanadium, titanium, aluminium, nickel, chromium, and 
tungsten additions. The most interesting results appear to be with the addition of from *1 to *25 per 
cent. of vanadium. J. Kent Smith states that the addition of 2 to*25 per cent. of vanadium to cast iron 
increases the tensile, compression, and hardness tests, the tensile alone being increased 50 per cent. 
Those conclusions are confirmed by G. L. Norris, who also states that in cast iron containing vanadium 
the grain of the iron is stronger and less porous, and the rigidity and resistance to wear is increased. 


In a paper read before the New England Foundrymen’s Association Norris says that the tensile 
strength is increased by 4,500 Ibs. per square inch by the addition of *12 per cent. of vanadium. Dr. W. H. 
Whitfield appears to confirm this statement, and also that its influence is to cause the carbon which is present 
in the graphitic state to distribute itself more evenly and to assist the carbon which is combined to remain 
as such. I have read that practically all the vanadium present is in the form of a complex carbide of 
vanadium in combination with the iron carbide. The iron carbide or cementite is not altered in any way 
physically from the normal carbide of cast irons, but is more stable than the normal carbide, and does 
not decompose so readily at high temperatures. This stability of vanadium cast irons should be suitable 
for the high temperatures met with in int'rnal combustion engines. The reading about this new mixture 
(at least new to me) is very interesting ; but I am afraid I have noi a sufficient knowledge to express an 
opinion regarding vanadium additions, therefore, although it reads as though we were getting something 
better than ordinary cast iron, I would be obliged if Dr. Milton would give his opinion as to whether 
vanadium additions will help casting and material or not. 
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Mr. V. LockKney. 


We are very much indebted to Dr. Milton for a most interesting and enlightening paper. I 
think that the analogy he has drawn between the behaviour of an aqueous solution under conditions 
of solidification and that of metal in a mould is one which will help any student of the metallurgical 
side of foundry work very considerably. 


The points I wish to raise are rather with a view to seeking information than to criticize. 


My first point is the phenomenon of growth of cast iron under the influence of high temperature. 
When cast iron is heated and cooled several times it begins to grow or increase in volume. This is 
sometimes explained by enlargement of the graphite flakes in the metal. For this reason nozzle boxes 
and the high pressure ends of turbines using superheated steam are most frequently made of cast steel. 


I would like to ask if semi-steel has been used for these parts. 


The next point I want to mention is in connection with the Diesel engine cylinder liner. The 
stresses to which such a liner is subjected may be divided into two components—those due to pressure 
and those due to temperature. In general we may say that the pressure stresses are inversely proportional 
to the thickness of the liner, while the temperature stresses are directly proportional to the thickness. 
Thus we have two conflicting factors, which in some measure limit the size of our Diesel engines, the 
present limit being, in the case of a single acting single piston engine, about 400 I.H.P. per cylinder. 
Since cast iron is the most suitable metal for this purpose from the point of view of wear the remedy 
would appear to be to produce a cast iron of higher tensile strength, so that we can make a liner of 
thinner section. 


This has been done by one of the local firms, in which the metal has an ultimate tensile strength 
of 18 tons per square inch as against the usual 11 tons per square inch. (A specimen together with a 
microphotograph of this metal was passed round for examination.) Steel is not used in the manufacture 
of this metal. 


The makers of semi-steel claim similar high tensile properties for their metal and it would be 
interesting to know if this metal has been used for Diesel engine liners. I find that semi-steel is 
frequently used for high pressure cylinders for triple expansion engines—that is, a cast iron in which a 
specially prepared mixture of pig and steel takes the place, in the cupola, of machinery scrap. 


REPLY BY THE AUTHOR. 


I am pleased that on the whole there has been very little adverse criticism on the paper. As to the 
various points raised I may venture to make these further remarks. 


Sir Westcott Abell asks a question which does not directly arise upon a paper on castings, although 
indirectly there may be some connection, as all rolled material starts its life as steel in the form of an 
ingot which is a casting. He asks to what extent does the amount of work applied to rolled material 
affect the mechanical structure. I regret that I am unable to properly answer this question, but there is 
an experience recorded in the Society's Archives which indirectly bears upon this matter. Several years 
ago a firm of steel manufacturers on the Continent made some rudder stocks by the following method, 
and to give confidence in accepting them they made a series of tests upon one which they cut up for the 
purpose. A casting was made of which one part consisted of the coupling and the upper part of the 
rudder stock, this was joined to a large frustrum of a cone the small end of which was the size of the 
upper part of the rudder stock, This part contained sufficient metal to enable it to be forged into the 
main piece of the stock. When completed the stock at its upper portion was a plain casting, and at its 
lower part it was a proper steel forging, the reduction of the cross sectional area being about the same as 
that usual when forging steel shafts. At intermediate positions the stock represented forgings with 
diminishing amounts of work performed on it. For testing purposes the stock was cut up into sections 
and from each the usual standard test pieces were taken. ‘There were practically no differences in the 
test results from the different sections, those from the part which was a casting being as good as those 
which represented an ordinary forging. This occurred long ago, at a time when little or no attention 
was paid to microscopic work, and no attempt was made to ascertain the differences of structure, 
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There was another still earlier experience. When steel ship and boiler plates were first made the 
ingots were allowed to cool out. They were then reheated and hammered into blooms which were then 
rolled out into plates. An attempt was made by one of the large steel manufacturers to dispense with 
some of the hammering by casting the ingots as broad thin slabs and then rolling them out direct into 
plates. The tests of the plates so made were satisfactory but the method was abandoned. It was stated 
at the time that this was because the surfaces of the plates were not altogether satisfactory, but as steel 
was then a comparatively new material it is probable that less confidence was felt in this steel than in 
that which was made in the ordinary way. The introduction of powerful cogging mills did away with 
the necessity for steam hammering the ingots, and now a very large amount of work is put upon even 
the thickest steel plate made. 


Every-day work in a rolling mill shews that work has a considerable influence on the properties of 
the finished article. This is seen in the selection of ingots with higher carbons for rolling into thick 
plates and of those with lower carbons for thinner material. This fact is taken accouut of in the 
Standard Specifications by providing for the selection of more test pieces when various thicknesses are 
rolled from one charge. 

This experience would seem to be at variance from that obtained with the rudder stock, but it must 
be noted that with thin rolled material the reduction of area from that of the ingot, which is a measure 
of the work applied, is several times greater than that obtained with forgings. 


Mr. Ruck-Keene’s remarks upon failures of cast steel stern frames are interesting and his suggestion 
is a good one that Mr. Ripley who has carefully investigated the matter should be asked to contribute 
the result of his enquiry to the Staff Association. Mr. Robertson who also has personal experience with 
very large steel castings also suggests that a paper upon large steel castings would be appreciated. If 
Mr. Ripley and Mr. Robertson and any other of the Society’s experts who have experience with these 
articles would, either separately or preferably conjointly, prepare such a paper for the Association they 
would be assured of the hearty appreciation of the members and they would be recompensed for their 
labours by the knowledge that they had done a very useful work not only for their colleagues but for the 
profession at large. 


Mr. Ripley corrects my statement that CO, is evolved in the molten bath of steel whilst being 
converted and states that itis CO. I think that he is correct as the gas is formed where there is an 
excess of carbon and a deficiency of oxygen, but the CO must become CO, after it leaves the metal as it 
then meets with an excess of oxygen in the furnace gases. He is no doubt correct in his other remarks 
upon the chemistry. As regard the effect of the minute inclusions of Manganese Sulphides and 
Manganese Silicates I am not in accord with him. In all my experiences, and I have made many 
hundreds of microscopic examinations, I have never found any but exceedingly minute inclusions and 
even when they are drawn out in lines in rolled material they are still smaller in cross-section and are 
never really continuous with one another, If they are compared with the slag lines in the very best 
fibrous wrought iron they will be seen to bear a much less ratio to the amount of sound metal. What 
microscopists seem to forget is the very large magnifications they use. An inclusion which appears to be 
large when examined under a magnification of 200 diameters is really invisible to the naked eye. Its real 
area is only zy);y9 Of what is seen in the microscope. Mr. Ripley refers to steel made by the Electric 
Furnace. This is outside of my personal experience. 


Mr. Watt has mentioned two cases where there were serious voids in steel castings. Such voids are 
in general not caused by unsuitable quality of steel but by unsuitable arrangements of gates and risers. 
If he had given particulars of these, which are usually removed in the foundry, perhaps the causes of the 
defects might have been pointed out. 


Mr. Heck’s suggestion as to the definition of correct gripping of the test piece is worthy of adoption. 
His further remarks about the coarseness or fineness of crystallization also deserve consideration. 
Undoubtedly the main cause of coarseness of crystallization is slow freezing. The large crystals formed 
during freezing are not ferrite and pearlite crystals but crystals of solid solution of carbon or carbide in 
the iron. Mr, Patchin’s paper seems to me to make the matter clear. At all the temperatures from the 
freezing temperature down to the critical temperature appropriate to the carbon content the metal is a 
homogeneous solid solution, which metallurgists are pleased to call “ Austenite.” When passing through 
the critical temperatures more and more ferrite is separated, the solid solution left by this separation 
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becoming more and more charged with carbon until at last at, say 700°C. according to Mr. Patchin, it 
arrives at the stage of 0°89 per cent. of carbon. As the temperature falls below this the solid solution 
particles become pearlite. The change from large crystals of Austenite to separated ferrite and pearlite 
breaks up the structure which is then said to be “refined.” There can be no doubt that very slow 
refining must cause larger crystals of ferrite and pearlite than quicker cooling, but the rate of cooling 
below the critical temperature of 700°C does not seem to have a large effect. What is important is that 
the cooling should be uniform throughout the casting otherwise contraction stresses are set up. 


Mr. McGregor and Mr. W. Butler both refer to test pieces. What is needed in test pieces is that 
they should be representative of the quality of the casting they are supposed to represent. It is essential 
that they should be sound so they must be atsached in such a way that they will not feed the casting 
during cooling and so become piped. The chill is sometimes used to ensure this in the case of brass 
castings, but because the test piece is chilled it no longer represents the metal of the casting. If both the 
test piece and the casting were annealed together chilling of the test piece would not be objectionable but 
it is not usual, and some think it not desirable, to chill brass castings. Founders are not likely to chill 
test pieces of cast iron as this would make them hard and brittle. 


It is with steel castings that much thought should be given to the position and attachment of test 
pieces. Undoubetdly if they were cast with as large a section as the main piece of casting and so placed 
that they would freeze at the same rate and become reheated and cooled at the same rate as the casting 
during annealing they would be better representative of the casting than test pieces sometimes are when 
sufficient attention has not been given to these points. Test pieces taken from the pouring head are in 
general only used when from some reason or other test pieces are not available. They are not to be 
recommended. Pouring heads are necessarily always “piped.” They are generally of larger sections 
than the casting and may not be so well annealed. Pieces cut from them are therefore generally inferior. 


Mr. Campbell suggests that when steel scrap is used for the so-called semi-steel castings it should be 
be put at the top of the cupola. Surely this is wrong. Stee] requires a much higher temperature to 
melt it than cast iron and the top of the cupola is certainly not the hottest zone. The reason for 
suggesting that when using steel the metal should first be run into ingots is to ensure proper mixing 
because the steel does not melt at the same time as the cast iron. 


The remarks of Mr. Dykes and of the Newcastle Staff are complimentary. I am sorry that I cannot 
give more information regarding the cast iron for Diesel engine cylinders. This subject has been well 
studied by the makers of these engines and their individual experiences are not available to the general 
ironfounder, 


THE HISTORY OF BRITISH FREEBOARD REGULATIONS, 
By W. WATT. 


Reap 7TH Novemper, 1923. 


“T ask seriously and sadly, can anyone doubt, but if these brave men had been sheep 
or pigs, the Legislature had long since been compelled by powerful advocates to stop such 
losses. Pigs and sheep are property, and property is well represented in Parliament; but 
these—why, they are only our poor brothers, and no one speuks for them . . . "— 
SAMUEL PLIMSOLL, 1873. 


“We found nothing to indicate that freeboard was a dominant factor in causing the 
losses of ships, and that the freeboard allowed by the Revised Tables of Freeboard 
(1906) was, on the whole, quite sufficient to ensure the safety of vessels.”—(Report of Load 
Line Committee, 1916.) 


THERE is perhaps no more interesting chapter in the history of the Mercantile Marine than that 
associated with the question of freeboard, the subject is as old as the sea itself. The first primitive log 
canoes had a freeboard determined only by the natural instinct of savage man, the instinct for self 
preservation. With the conquest of the calm waters of the river or lagoon came the desire for more 
adventure, more wealth, or perhaps only more food, and it was a natural step to the construction of the 
first vessel built of separate planks and timbers. And so by gradual stages larger and still larger vessels 
were built, able to face the longest voyage and the stormiest seas. But the loading was limited, for as an 
old chronicle states :—* Ye shippes were burthened only with ye weight of ye goods which doth provide 
for ye safetie of ye peoples and theyre immortyl saules.” 

These ideal conditions were not, however, always maintained, the lust for wealth led to the deeper 
a ever deeper loading of vessels engaged in the carriage of freight and often even in the carriage of 

uman life. 

It is said that the Ark was wrecked on Ararat because the old Scotch captain insisted on taking his 
mother-in-law on board, and so overloading the ship. 

In the early years of last century and even well into the latter half of this century, overloading was 
scandalously prevalent. Round the coast of the British Isles alone hundreds of vessels were lost annually 
with an appalling loss of human life. And this loss was attributed largely to overloading and general 
unseaworthiness, a state of affairs which culminated in the famous Plimsoll agitation in 1873. 

It is on record that freeboard regulations existed in the laws of ancient Venice, but these are only of 
academic interest. The first compulsory regulations for the loading of ships in this country are contained 
in the Merchant Shipping Act of 1890. 


LLOYD'S RULE. 


For a period of about 60 years, from 1774 till 1835, a record of load draught of water was made 
in Lloyd’s Register Book, but there is no record as to the manner in which this draught was determined. 
Presumably it was merely a draught determined by the owner as being suitable, in his estimation, for the 
vessel and for the trade for which it was intended. Under these circumstances it was perfectly natural, 
from the conflicting interests involved, as represented by Owners, Shippers, and Underwriters, that some 
more uniform system should be demanded, and in 1835 the Committee of Lloyd’s proposed that a 
freeboard of three inches per foot depth of hold should be determined. This was known as “ Lloyd’s 


Rale,” and was used extensively till 1880, and even for some years after that date. It must be 
remembered that there was little variation in the type or proportions of seagoing vessels, and a simple 
rule which would be quite inapplicable in modern times was sufficiently equitable when applied to the 
early types employed at that time. 


LIVERPOOL RULE. 


Some years later, in 1867, a rule was formulated by the Liverpool Society of Underwriters. This 
rule closely resembled ‘ Lloyd’s Rule,” but the freeboard varied with the depth of the vessel, being 


2 inches per foot for vessels 8 to 9 feet in depth 


2} ~ s es tOmieale = 
2h e Fe + 194. 14... * 
23 ¥s f 66 TA sisies wAEh tage * 
3 . “é ¥ Te as 
3} Be 4 i 1a) ae Ks 
34 3) % si OD ienee Diet 3 % 
3% to 4 a - - PA ale A} Aan 3 


Tt was considered that large wood ships were not so strong owing to the material and nature of the 
construction, as smaller ships, and consequently large ships required a greater freeboard. In the case of 
iron ships, however, this disability did not exist, and consequently a more uniform freeboard could be 
fixed. 

Accordingly in 1869 they issued an amended table, from which the following is extracted :— 


LIVERPOOL UNDERWRITERS 1869 TABLE, 


| 
Tron Vessels. Wood Vessels. 
| 
Depth of l | Poo = - 
Hold. | Inches per Inches per 
Freeboard. foot depth of Freeboard, foot depth of 
| Hold. | Hold. 
Feet “Ft. Ins, Ft Ins. ie, 
8 1 d 2 1 4 2 
12 2 4 2°35 2 5 | 2°42 
16 3 4 2°5 3 83 2°67 
20 Pate 2 erp phe ek laa Rae 
24 6 6 3°25 7 24 36 
28 8 6 3°65 9 4 4°0 
| 
831 | 10 8 SOUyhil 12 1 | 


The above scale was intended for first class vessels only, and was subject to the judgment of the 
Surveyor, who was to be influenced by the age, form, class, season of the year, nature of cargo, and 
voyage intended. 

It is interesting to note that prior to 1862 it was the duty of the Surveyor to examine the vessel 
after the voyage only. In that year the Surveyors were transferred to the Mersey Docks and Harbour 
Board, and surveys were required to be held prior to the departure of each vessel. 


INSTITUTION OF NAVAL ARCHITECTS. 


In 1867 the Institution of Naval Architects investigated the question of freeboard, and forwarded a 
report thereon to the Board of Trade, which was presented to Parliament in 1870. It was suggested 
that ith of the beam is a minimum freeboard for ordinary seagoing vessels of not more than five breadths 
to the length, and ,'nd of the beam should further be added to the freeboard for each additional 
breadth in the length of the ship. The freeboards were to be set off from the upper deck in all cases. 
The foregoing freeboard was intended to apply to all cases other than spar deck vessels. In these vessels 
the spar deck was considered to be the equivalent of the extra freeboard required in long vessels, and no 
increase was therefore required on account of the proportion of beam to length exceeding 5. In this way 
no allowance was given for the spar deck in vessels of the standard proportions of beam to length, but a 
considerable allowance was made in the case of vessels of extreme length in relation to beam. No 
allowance was to be made for a poop or forecastle. 


SPAR AND AWNING DECK VESSELS. 


About the year 1870 the demand for a type of vessel having a "tween deck for the carriage and 
protection of light goods gave rise to what is known as the “spar deck” type. The scantling of the 
upper material was much lighter than that of the full scantling vessel, but it was recognised that this 
erection provided considerable reserve buoyancy, and accordingly Lloyd’s Register modified the freeboard 
allowance which now became, for this type, 14 inches for every foot of depth of hold measured to the 
upper side of the main deck beam. The scantlings of this superstructure were, however, increased, and 
about a year afterwards the restriction in their loading was withdrawn. In 1873 the awning deck type 
was introduced. In view of the light nature of this superstructure, Lloyd’s Register made freeboard a 
condition of class, and the loadline was indicated by a diamond with a bar at each end, and the letters 
LR. This was the first instance of a loadline being required by a public body. 


RUNDELL. 
In 1870 Mr. Rundell, Secretary of the Underwriters Association of Liverpool, suggested that a curve 


of tonnage volumes should be constructed, and that 53;ths of this under deck tonnage should be 
represented in reserve buoyancy in determining the permissible loading. An allowance should be made 


for sheer in accordance with a table from which the following is extracted :— 


Length of ship Allowance for Allowance for 
in feet. Sailers. Steamers. 

—_ fi (ee ft 
140 65 ney, 
200 "95 60 
280 1°20 7d 
310 125) “80 
400 — 1:00 

| 


In a later paper (1873) Mr. Rundell suggested that a white circular mark should be placed on the 
vessel’s sides to show the position of 25 per cent. internal capacity above the waterline, the size of the 
dise being such that when the vessel was loaded to 30 per cent. internal capacity the disc would still be 
above the waterline. 

In computing the tonnage volume, the datum line should be set off at the upper surface of the deck 
in flush deck vessels having no sheer ; and in the case of vessels having sheer, at a point jth of the 
mean sheer above the upper surface of the deck. 

For a complete awning deck the datum line should be placed 2 feet above the main deck, and for 
partial erections it should be in proportion. 
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In the subsequent discussion Mr. Scott Russell suggested that the boundary line between the red 
bottom and the black topsides should be placed at the 25 per cent. line; and Mr. Ravenhill suggested 
that a piece of bead iron should be permanently riveted to the vessel’s sides all fore aud aft to indicate 
the loading adopted. 


MITZLAFF. 


In 1872 Mr. Mitzlaff submitted proposals in a paper read before the Institution of Naval Architects. 
These may be summarised as follows :— 
1. The freeboard should be determined on a basis of reserve buoyancy. 
2. The amount of reserve buoyancy (or as he termed it “superfluous” buoyancy) should be 
altered according to circumstances. 
(a) For European voyages it may be smallest. 
(4) It must be enlarged for Transatlantic voyages, 
(r) It must be still larger for longer voyages (this was considered obvious, for on short 
voyages harbours of refuge, facilities for repair, and victualling are nearer at hand.) 
3. Ships of much rise of sheer require a smaller freeboard than those which are more 
straight. 
“4. Vessels of great proportional length require more freeboard to make them ride safely in a 
rough sea. 
Pe Ships which carry a great number of passengers ought to have, on account of their 
precious cargoes, a still larger freeboard. 
6. The reserve buoyancy to be in accordance with the following Table: — 


European voyages... sas aa tee wee 24 per cent. 
Transatlantic voyages 8 boy are ane 27°3 rs 
Longer voyages AE ae ae 26 a S07 sy 


The percentage of reserve buoyancy to be measured to under side of the deck, and therefore 
the thickness of the deck should be added to the freeboard obtained. 

7. The freeboards as calculated above are considered applicable to vessels whose length does 
not exceed 5 times the greatest internal breadth. 

Where this proportion is exceeded the freeboard is to be increased by the following 
amount, viz :— 


5 to 6 breadths, freeboard increased F aes sis ae ysth. 
6 to 8 s “3 ot ava cam as ee ith. 
Longer vessels, is a a4 = Ath. 
Ships carrying a great number of passengers pees xa 1 
(in addition to increase for proportions) freabourd ncressed uth. 


8. It is not necessary to make any seasonal allowances. 
9. In the case of double bottom ships a suitable correction should be made in computing the 
freeboard in view of the tonnage being measured only to the tank top. 

In the subsequent discussion, Mr. MacFarlane Gray suggested that a mark should be placed on the 
vessel’s sides to indicate the ascertained light-load line. The Owner should then be required to state the 
maximum loadline to which he intended to load the vessel, and this should be indicated by a white ball 
painted on the vessel’s sides, the diameter of the ball being such that the upper edge represented the 
draught in fresh water and the lower edge, or alternatively the centre of the ball, should represent the 
draught in salt water. 


WITHY. 


In a paper by Mr. Withy, read before the Institution of Naval Architects, he suggested that the 
freeboard should be based on reserve buoyancy, the volume to be measured to under side of deck, so as 
not to give undue advantage to a vessel having a wood deck. 


Erections when completely intact should be credited with a percentage of their volume. For 
variations in length the freeboard should be modified, as indicated in the following extract from his 


table :— 
Per cent, to be added to or 
Length — Depth. deducted from freeboard. 
8and under... ss wes See 20 per cent. deducted. 
8 to 10... rs nyt va wee 15 st - 
ie, oe ee ee ee ee 
Tit (igor RR a ea mn ose Pe Hee ae e “7 
lI Bede Ob See oe Pe ix ae Nil. 
Lee Tec ao i ce 7 5 ae added. 
id ib... Pe a: “ a 10 _ y 
1 pane | eee 1h ystaliss i. 
16 and upwards ... me ae Oe 20 * = 
DUNCAN. 
Mr. Duncan proposed that the freeboard for cargo vessels shall be ,'jth the sum of the registered 


length, breadth and depth of the vessel. For passenger vessels the proportion is to be ;J,th. 


MARTELL (1874). 


There is no name more intimately connected or more highly honoured in the history of freeboard 
than that of Benjamin Martell, late Principal Surveyor to Lloyd’s Register. In a paper read before the 
Institution of Naval Architects in 1874, he submitted his first. proposals in the form of freeboard tables. 
Admitting that many ships go to sea overladen, and that many losses occur from this cause, Mr. Martell 
submits that the case can be met in an intelligent and practical manner. At the same time he agrees 
that “a rule for determining a hard and fast line, applicable to vessels of all forms and types and suitable 
for all voyages, is practically impossible.” 

In Martell’s tables the freeboard is determined in relation to a coefficient obtained by multiplying 
the registered under deck tonnage by 100, and dividing by the product of the registered length, breadth, 
and depth of hold. 

Tables are given for sailing vessels varying from 7 feet to 28 feet depth of hold, and for steamers 
varying from 7 feet to 81 feet depth of hold. It was evidently assumed that the proportions of length to 
depth of hold in sailing vessels were approximately constant or relatively unimportant, as, except in 
so far as it is employed in obtaining the tonnage coefficient, length does not enter into the freeboard 
computation, 

The tables assume that the vessels are of first class construction, and where erections are fitted above 
the main deck an allowance is made in the freeboard varying with the nature of the erections. 

(Nore.—In a subsequent reprint the allowances were modified. In the following table the modifi- 
cations are enclosed in brackets). 

ALLOWANCE FOR ERECTIONS. 
Reduction in flush deck 


Type (Steamers). table freeboards, 

Spardeck ... ve ve Er Pre Ss 5 and upwards. 
Awning deck... Se sc 2 de ste +5 
Raised quarter deck enclosing E. and B. (or a 

raised quarter deck connected with a sub- vo G) 

stantial house) ... or ey sor 
Full poop enclosing E. and B. (and forecastle) J G@) 
Short poop... to (Nil) 


No mention was made of a forecastle in the original proposals. 


Sheer.—The standard sheer is 18 inches per 100 feet of length. For excess above this standard the 
sum of the excess at each end is divided by 12, and the quotient is deducted from the freeboard. 

Round of beam.—The standard is 1 inch for every 4 feet of beam. Any deficiency is to be added to 
the freeboard. 

Length for steamers only.—The standard length is assumed to be not exceeding 8 breadths 
(under 84). Where the length exceeds the foregoing the freeboard is to be increased as indicated in the 
following extracts from the table :— 


Ratio of length to breadth. Increase, 
8 (84) and under 8} (9) oe +e ay 2 percent. (2 per cent.) 
9 pie ise ee ee 
10 (11) and over aed ae 10 7 i. wf) 


Small coasting vessels.—Freeboard to be reduced }th. 


LEGISLATION. 


It will be of interest now to turn for a little to the legislation bearing on the subject. 

Under the old method of tonnage measurement known as ‘“ Builders’ measurement,” an 
approximately uniform type of vessel was built having a length of about 3} times the beam, and a depth 
of hold of about }ths the beam On the passing of the Merchant Shipping Act of 1854, however, what 
is known as the Moorsom system of tonnage measurement was adopted, and the inducement to build to 
the old proportions disappeared, with the result that vessels adapted to the requirements of their 
particular trade were built, and the old simple rule of freeboard could not be applied without considerable 
correction. 


ACT (1854). 


The Act (1854) did not require any freeboard to be determined, but provision was made for 
recording the draught and placing draught scales on the stem and sternpost as the following extracts 
will show :— 

Section 321.—The Surveyors shall from time to time make such returns to the Board of 
Trade as it requires with respect to the build, dimensions, draught, burden . . . . of the ships 
surveyed by them. 


Section 359.—Any person making any fraudulent alteration in the marks on the stem and 
sternpost of any ship denoting her draught of water shall incur a penalty not exceeding £500. 
Pilotage dues were determined by the draught and distance over which the pilot’s services were 
rendered. 


ACT (1871). 


In the Merchant Shipping Act of 1871, the Board of Trade was empowered to appoint any person 
to record the draught at the stem and sternpost of any vessel leaving dock or harbour for the purpose of 
proceeding to sea, and the captain was required to record the same in the ship’s log. 

In order that the crew might be protected against the risk of being sent to sea in a vessel which 
they considered to be unseaworthy, either through overloading, stractural weakuess or defective 
equipment, it was provided that they might appeal to the Board of Trade, who must appoint a survey to 
be held, and if it were proved to be unseaworthy the vessel could be detained. 

Any person sending a vessel to sea in an unseaworthy condition was guilty of a misdemeanour, and 
could be punished in accordance with the law. 

In addition an owner was prevented from changing the name cf his ship without the consent of the 
Board of Trade. 


ba | 


ACT (1873). 


The Merchant Shipping Act of 1873 required that “in addition to the draught at the stem and 
sternpost, the extent of clear side shall be specified in the record in feet and inches.” 

The term ‘clear side” means the height from the water to the upper side of the plank of the deck 
from which the depth of hold, as stated in the register, is measured ; and the measurement of the clear 
side is to be taken at the lowest part of the side. 


PLIMSOLL. 


We now come to a memorable crisis in the history of freeboard assignment, a crisis which will be 
associated as long as ships sail the seas with the name of Samuel Plimsoll. It was in the year 1870 that 
he first raised the question of unseaworthy ships in Parliament by moving a resolution requiring a 
compulsory loadline and survey of all ships, but this resolution was subsequently withdrawn, 

In 1871 he introduced a bill, but on the Government agreeing to introduce a separate bill, his bill 
was withdrawn, and as we have already noted this resulted in the “ Merchant Shipping Act 1871”. 

Not satisfied with this bill, he published a book in 1873 entitled “Our Seamen”. In this book he 
called attention in forcible language to the condition of affairs in the Mercantile Marine, the gross 
prevalence of overloading ; the rotten condition of “ Coffin Ships”, both as regards bull and equipment ; 
the undermanning and the filthy condition of the accomodations provided for the crew; the prevalence 
of over-insurance, and the deliberate sinking of rotten and unprofitable ships. ‘ Who ever saw a dead 
donkey, and who ever saw an old ship broken up ?” 

It should be noted, however, that he frankly stated that the majority of the ships were classed, and 
in consequence were kept in a satisfactory condition, and that his denunciation was confined to a small 
minority of ship Owners. 

In support of his contention he appends the following table :— 


Lives Losr Wirurn 10 Mines or THE ENGLISH Coast. 


Year. Lives lost. Year. Lives lost. 
1861 ass Ans ar 884 1867 ae ae wa LOO 
1862 Son a is 690 1868 ase aes aoe 824 
18638 356 or $35 620 1869 ack ans mo 933 
1864 eae ate isis 516 1870 ela Ane aoe 774 
1865 Ra “rt eae 698 1871 A a: nein 626 
1866 1“ 50 ae 896 


Over half the losses are attributed to overloaded and unseaworthy ships of the collier class. 

While it is undoubtedly true that this represents a small proportion of the men engaged in the 
service, it is interesting to note that in spite of the enormous increase in the tonnage of the Mercantile 
Marine the loss of life under similar circumstances in 1918, which is the latest return available, was 
reduced to 260 persons. 

Plimsoll made the following recommendations :— 


1. That all unclassed vessels should be surveyed by the Board of ‘Trade. 
2. That no owner should be allowed to insure his ship for more than 3rds of its ascertained 
value. 
He declared that those most intimately concerned shrank from protesting because of its effect on 
their position. 
1. Captains, because they would lose their employment and would at once be spotted by other 
wners. 
2. Crews, because they were dependent on the sea for their living and that of their families. 
3. Underwriters, because their individual risk was small and they could charge a premium to 
correspond. 
The Associated Chambers of Commerce (representing Dundee, Newcastle, West Hartlepool, Middles- 
brough, Stockton, Goole, Hull, Southampton, Exeter, Plymouth, Falmouth, Bristol, Gloucester, and 


ee 
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Cardiff) at a meeting in Westminster Palace Hotel, London, in February 1870, passed the following 
resolutions :— 


1, That a periodical inspection of all sailing ships and steam ships, not carrying passengers, 
unclassed at Lloyd’s, or by the Liverpool Underwriters’ Association, should be compulsory. 


2. That, in consequence of the frequent losses of sailing and steam ships from the practice of 
“ Overloading ”, the Associated Chambers are of opinion that the attention of the Government 
should be drawn to the subject, and that it should be invited to take into consideration whether the 
pill should not contain provision for determining the maximum loadline of sailing and steam ships. 


In answer to an objection that the requisite number of additional surveyors required for these 
surveys could not be readily obtained, it is interesting to note that Mr. G. B. Seyfang, the Secretary of 
Lloyd’s Register Committee, when approached said, “I do not think there would be much difficulty; we 
would gladly lend the Government all the help in our power to the whole extent of our staff; we would 
even increase our staff, and probably the Liverpool Committee would give their assistance.” 

‘A case was cited of an old vessel sold for the price of a song to be broken up, but which was retarred 
and loaded for sea. The crew were signed on at another port and taken to the ship (which in the mean- 
time had changed its name) by a runner, and when they raised an objection to the condition of the ship, 
were taken in chains before a magistrate who had no option but to send them to prison for twelve weeks 
hard labour. 

Such is Plimsoll’s appeal. 

There is no fire without smoke, we are told that the shadow of a dog wont bite, but the presence of 
the shadow shows that there is a dog round the corner. There is no doubt that Plimsoll’s colour is laid 
on regardless of the cost of the paint, that a heated imagination took the place of calm reason, that the 
great majority of shipowners were not void of consideration of their crews, and their ships were main- 
tained in efficient condition. But it is equally true that many ships were sent to sea in a sinking 
condition, unable to weather even a moderate breeze, and with a freeboard which would have made a 
Thames bargeman swear. 

In 1873 Plimsoll moved an address for a commission of enquiry which was granted. 

On this Committee were Mr. William Denny, the famous Dumbarton shipbuilder, and Mr. 
George Duncan, shipowner, and a member of the Committee of Lloyd’s Register. 

Plimsoll’s statements were fully investigated by this Committee, and in 1875 the Government 
introduced a bil), but this bill met with so much opposition, which rendered its passage so slow, that the 
Government found it necessary to withdraw it. 

When the Government intimated their intention of withdrawing the bill, one of the most exciting 
scenes ever witnessed in Parliament ensued. Plimsoll earnestly pleaded with the Government not to 
consign thousands of their fellow creatures to an undeserved grave. “There were shipowners of murderous 
tendencies who had frustrated the passing of the bill by protracted debates, The Secretary of Lloyd’s 
had assured a friend of his that he did not know of a single ship which had been broken up during the 
past thirty years because it was worn out. The result was that hundreds of brave fellows were sent to 
unhallowed graves by these speculative scoundrels.” 

When called to order he refused to withdraw. Overcome with excitement he collapsed on the floor 
of the House and was removed to the lobby. 

He was suspended for a week on the motion of Mr. Disraeli, and subsequently apologised to the 
House. 

Thus ended the famous Plimsoll scene. 

His efforts, however, were not without result, for in 1876 the Government introduced a bill which 
became the Merchant Shipping Act of 1876. 


ACT (1876). 


Under the provisions of this Act every British ship (excepting coasting ships under 80 tons register, 
fishing vessels, and pleasure yachts) were required to have deck lines painted as near admidships as 
practicable, 12 inches in length and 1 inch in breadth, indicating the position of each deck which is above 
the water. 


“The upper edge of each of these lines shall be level with the upper side of the deck plank next 
: Ait ier : 
the waterway at the place of marking.” (This was the origin of what is now known as the statutory 
deck line.) 

All foreign going vessels, before entering outwards from any port in the United Kingdom were 
required to be marked on the ship’s sides at or as near amidships as possible with a circular dise 12 

| I if a c 12 
inches in diameter with a horizontal line 18 inches in length drawn through its centre. The centre of 
this dise was to be placed to indicate the maximum loadline to which the owner intended to load his ship 
for that voyage. 

The master was required to enter in the Customs form of entry, the agreement with the erew, and 
in the ship’s log book, the distance from this dise in feet. and inches to each of the deck lines, and these 
marks were to be retained until the vessel’s return to a port of discharge in the United Kingdom. 

In the case of vessels engaged in the coasting service, similar marks were required to be placed on 
the vessel’s sides, and once in 12 months notice was required in writing regarding the retention or 
alteration of the lines. 

The owner was liable to a penalty not exceeding £100 if he permitted the vessel to be so loaded as 
to submerge the centre of the disc in salt water. 


The provisions of the Act were extended to include all foreign vessels leaving any port in the 
United Kingdom, but there was no restriction on vessels arriving in an overloaded condition, 


It will be noted that while the Act required that a loadline disc be marked on all foreien going and 
coasting vessels of over 80 tons, no attempt was made to formulate rules to determine the “necessary 
amount of clear side. 

With the increasing variation in type to suit requirements of different trades it was perhaps difficult 
to determine and fix a standard which would bear equitably in all circumstances and cases, and owners 
and naval architects held very divergent views as to what extent a given vessel could be safely loaded. 
It is stated that some owners, opposed to any interference with their liberty and judgment, attempted to 
throw ridicule on the Act by marking the loadline disc on the top of the funnel. This appears 
improbable, however, as the Act required the disc to be placed on the sides of the vessel. Be that as it 
may, while many owners fearful of the effect of future legislation, placed the dise much higher than 
they ever intended to load the vessel, the great majority gave sympathetic support to the spirit of the 
Act, and placed the disc at the position which previous experience had shown to be just and reasonable. 

Independence has always been a prized possession, and it has always been an attribute of the true 
Briton that he resents any interference with his personal judgment and freedom to reculate his own 
affairs. But when the lives of others are concerned, and these others are seamen without any efficient 
organization, it is the duty of those in authority in the land to safeguard not only their intercsts but their 
lives. There can be no doubt that the Act, as far as it went, was a beneficent one, and the experience 
gained and information tabulated was to form the basis of the regulations which, some 14 years later, 
were enforced by Act of Parliament. 


LLOYD’S REGISTER. 


It is of interest to note that Lloyd’s Register of Shipping assigned frecboards to a large number of 
vessels on a declaration made by the owners as to the draught or freeboard which they considered suitable 
for their vessels. Prior to the issue of the Board of Trade Tables 1885, freeboards to about 600 steam 
vessels and 400 sailing vessels were thus assigned. 


The power vested in the Board of Trade to detain unseaworthy and overloaded ships could not be 
applied in equity without some standard for the guidance of their Surveyors, and with a view to the 
formulation of rules for guidance, a conference between representatives of the Board of Trade, Lloyd’s 
Register, and the Liverpool Underwriters Register was held in 1875. 

This conference was unsuccessful, as far as the framing of definite tables was concerned, but certain 
fundamental principles were laid down regarding the form, proportions, sheer, strength, construction, 
freeboard, and height of platform, 
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BOARD OF TRADE. 


Approximate rules for freeboard were issued by the Board of Trade for the guidance of their 
Surveyors in dealing with ships which were detained for overloading, in 1875. These rules applied only 
to vessels of the highest class, and were considered merely to be “points of departure.” 


For steam vessels the freeboard was expressed in inches per foot of depth of hold, and varied with 
the length. The allowances are given in the following contracted table :— 


| Length. | Summer. | Winter. W.N.A. 
| | 
180 13 2°0 2°2 
200 | 19 271 2°3 
| 300 2°6 2°8 30 
400 | 34 36 3°8 
450 3°8 40 4°2 


For other types the freeboards were modified as follows :— 


Spar deck _...3rd of above freeboard measured from main deck. 

Awning deck...3rds of above freeboard measured from main deck. 

Long poop extending half length of vessel Ae toy ... —4 inches. 
Long raised quarter deck ... Pe ee “8 Aa ...» —8 inches, 
Coamings exceeding 24 inches with superior deck fittings «» —l inch. 


In vessels having long poops extending forward of amidships, the freeboard was measured at front of 
poop, as this was the lowest point of sheer. 


For sailing vessels the freeboard was similarly expressed, but varied with the under deck tonnage. 


Tonnage U.D. Iron or Hard Wood. Soft Wood. 
50 16 18 | 
100 1°8 2°0 | 
400 2°83 2°5 
1000 | 2°7 2°9 
2000 32 34 
2600 | 3°5 3°7 


In February, 1882, a second edition of the instructions was issued, the only difference being that 
the standard round of beam was fixed at } inch per foot of beam, and the depth of floors at 1 inch per 
foot of registered depth to main deck. 


In May, 1883, the average sheer was defined as 20 inches per 100 feet of length, the sheer being 
measured at the deck at side, and the freeboard was modified to the extent of }th of the difference 
between the actual and the average sheer. When floors of excess depth were fitted, the excess was added 
to the depth for freeboard. In sailing vessels the length was substituted for the under deck tonnage as 
a basis for freeboard, and the standard vessel was assumed to have a poop and forecastle, 
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In August, 1883, formule were substituted for the freeboards of spar and awning deck vessels as 
follows :— 
Spar deck F = 6 —D+H 
2240 + 2 | 650 
69-(D+H)* D 


Where F = Freeboard in inches from top of spar or awning deck, 


Awning deck F = 


L = Registered length in feet, 
D = Depth in feet from top of keel to top of spar or awning deck beams, 
H = Height of ’tween decks in feet. 


No allowance to be made for sheer. 


In March, 1884, it was decided that no addition should be made for deficient sheer if efficient end 
erections were fitted. Vessels building on the North East Coast with large sheer and long erections were 
permitted a reduction in freeboard of } inch for every foot that the erections extended forward of 
amidships, in which case no other allowance was to be given for sheer. 

That these regulations were only considered approximate, or “points of departure,” may be gathered 
from the fact that in an enquiry into the detention at Liverpool, of the sailing ship “ RONTENBURN ” it 
was stated that the freeboard assigned was 5 fect 3 inches, although the tables required 6 feet 4 inches. 


WIMSHURST. 
Another rule is that known as Wimshurst’s Rule, where the freeboard in inches is obtained from the 
formula 
length in feet x depth of hold in feet 
100 
This rule was intended only to apply to vessels between 120 and 350 feet in length. 


MARTELL (1882). 


In January, 1882, a report prepared by Mr. Martell and his staff was submitted to the Committee of 
Lloyd’s Register, dealing with the question of freeboard for vessels built to the Society’s class or 
equivalent thereto, ‘Tables of freeboard prepared from evidence accumulated by the staff were appended, 
and in July of the same year the tables were published. 


As these tables, in conjunction with tables prepared and issued by Sir Digby Murray, in 1882, 
formed the basis of the first Board of Trade tables issued in 1886, on which the whole structure of 
freeboard legislation has been built, it is expedient that these tables be somewhat fully described. 

In an introductory note attention is called to the three prime factors in the navigation of a vessel. 

1. Surplus buoyancy to afford sufficient lifting power. 

2. Height of deck above water for purposes of navigation. 

3. Stability by proper distribution and stowage of cargo. 

_ Fora full scantling flush deck steam vessel a reserve buoyancy is required, varying from 23 per cent. 
in a vessel of 10 feet moulded depth to 39 per cent. for a vessel of 37 feet moulded depth. For sailing 
vessels the reserve buoyancy varies from 25 per cent. to 33 per cent. for moulded depths of 10 feet and 
30 feet respectively. Owing to the comparatively fuller form of the upper body in vessels of fine form, 
slightly deeper loading is permitted without altering the reserve buoyancy. 
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In spar deck vessels the question of reserve buoyancy did not arise owing to the strong character of 
the superstructure. In consequence, tables were prepared giving the freeboard in relation to the spar 
deck, the freeboard and consequently the draft being such that the stress on the gunwale should not 
exceed that of the full scantling vessel. 


In awning deck vessels, owing to the lighter superstructure the freeboard was to be measured from 
the main deck, but in view of the additional protection provided, when compared with the flush deck full 
scantling vessel, a reduction in freeboard was permitted varying from ,’,ths in small vessels to about yoths 
in large vessels, 

It was considered that as erections provide valuable protection to the vessel, some allowance inter- 
mediate between the full scantling and awning deck freeboards should be given. A bridge was considered 
more efficient than a poop, anda poop more efficient than a forecastle as far as stability was concerned, 
but a forecastle offered very efficient protection from heavy seas ; and likewise a poop, but in a lesser 
degree. A bridge and poop joined was considered to be more efficient than when separated by a well. 
Erections were therefore divided into two classes, viz. :— 


Crass 1.—Vessels having a forecastle, with long poop or raised quarter deck, connected with 
an enclosed bridge house, 


Chass 2.—Forecastle with short poop, or with short poop and enclosed bridge disconnected. 
The standard of strength was such that the stress on the gunwale did not exceed from five to six 


tons per square inch, and this standard also applied to spar and awning deck vessels, and vessels of lower 
class than 199A. 


STANDARD FORM. 


Coeflicient.—The tabular freeboard is based on the moulded depth (and not the depth of hold as in 
the previous tables) and on a coefficient of tonnage. 
This coefficient is derived from the formula 


100 T 
LBd 
where T is the under deck tonnage. 


L is length from fore side of stern post to after side of stem. 
B is registered breadth. 


d is registered depth to main deck in awning deck vessels, and to upper deck in spar and full 
scantling vessels. 


Moulded Depth.—The moulded depth is measured from bottom of rabbet in a wood or composite 
vessel or from top of keel in a steel or iron vessel to top of upper deck beams in full scantling vessels, 
and to top of main deck beams in spar and awning deck vessels. 


Freeboard.—The tables assume that a wood deck is laid, and where this is omitted the depth for 
freeboard is reduced by an amount equal to the thickness of wood deck. 


Proportions.—The standard ratio of depth to length is twelve in the case of steam vessels, and ten 
for sailing vessels. 


Sheer.—The standard mean sheer is 15 inches per 100 feet of length, and is measured at the ends 
in all cases, 


Round of Beam.—The standard round of beam is } inch per foot of beam. 
Spar and Awning Deck Vessels.—Standard height of superstructure equals 7 feet. 
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CORRECTIONS FOR VARIATIONS FROM STANDARD FORM. 


Length.—When the length exceeds the standard, the freeboard is to be increased by an amount 
which gradually increases to 10 per cant. when the ratio of depths to length is 15 in the case of steam 
vessels, and 7 per cent. for a ratio of 12 in the case of sailing vessels, When the proportions are less 
than the standard, the freeboard, under special circumstances, may be reduced. 

In spar and awning deck vessels, and in vessels having a considerable portion of the amidships 
length covered by substantial erections, no additional freeboard is required for extreme proportions. 

Sheer.—When the sheer is greater or less than the standard, and is of a gradual character, 3th of 
the excess or deficiency is deducted from or added to the freeboard. 

Round of Beam.—When the round of beam in flush deck vessels is greater or less than the 
standard, half of the excess or deficiency is deducted from or added to the freeboard. When erections 
are fitted, the allowance is to be reduced in relation to the length uncovered by erections. 

Erections.—As previously stated, the erections are divided into two classes, and a certain 
proportion of the difference between the freeboard of a flush deck vessel and that of an awning deck 
vessel, in relation to the per cent. of length covered by intact erections, is deducted from the frecboard. 

The following table gives the various allowances :— 
Steam VESSELS. 


| | Per cent. Allowance. 
Effective Length of Erections. | rT os a a —| 
Class I, Class II. 
| Erections. Erections. 
40 per cent. 30 per cent. 20 per cent. 
50, |} 40 , IG | 
60 é, | DO 5, 40 ,, 
me 4. i 6... — 
80 e 10'S & — 


When the height of the raised quarter deck in Class I. erections is greater or less than the standard 
of 3 feet 6 inches, the freeboard is modified in relation to its length and height. 

Vessels having Class I. erections are to have a sufficient number of freeing ports in the well, and 
when engaged in the Atlantic trade are to have a freeboard greater than the tabular freeboard. 

Steamers having erections less efficient than Class II., and sailing vessels, are to have a suitable 
allowance, 

In applying the allowance for ercctions, the tabular freeboard for the flush deck full scantling 
vessel is to be corrected for sheer if required. 


(Norz.—The effect of this is that the freeboard of an awning deck vessel is not affected by sheer, and 
in the case of vessels having partial erections the allowance for sheer diminishes as the length of erections 
is increased.) 


Ratio of breadth to depth.—It is assumed that the ratio of breadth to depth is such as to ensure 
safety at sea when the vessel is fully laden with homogeneous cargo. 


Seasonal allowances.—There is no difference between the summer and winter freeboard, except in 
the case of steam vessels cther than spar or awning deck of 15 feet 6 inches moulded depth and upwards, 
engaged in the North Atlantic trade in winter, where the freeboard is to be increased by 10 per cent. 

A similar increase is required in sailing vessels of 14 feet 6 inches moulded depth and upwards. 

A small reduction is permitted when the vessel is loading or sailing in fresh water, 
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Spar and awning deck vessels.—-When the height of superstructure is greater or less than 7 feet 
the freeboard will be modified. 


In the original report of January, 1882, it was suggested that in the case of vessels classed 90 A, the 
freeboards should be increased from 1 inch for vessels of 10 feet moulded depth to 5 inches for vessels of 
28 feet moulded depth. 


For vessels classed 8() A the corresponding increase was from 2 inches to 7 inches. 
This note did not appear in the tables published in July of the same year. 


SIR DIGBY MURRAY’S TABLES, 1882. 
(For Iron and Steel Steamships.) 
Standard form and proportions. 


Tabular Freeboard.—The tables are intended for first class steam vessels having a poop and 
forecastle each equal to jth of the length of vessel. The freeboards vary with the length on water- 


line and the moulded depth, and are independent of tonnage or other coefficient. ‘A wood deck is 
assumed to be fitted. 


Some idea of the form of the tables will be obtained from the following extract :— 


TABLE OF FREEBOARDS (EXTRACT). 


Moulded depth. 
Length on 99- 99+ 99. 92. 9269 92. 
Watering: 22°4 22°6 22°8 23°0 | 23°2 23°4 
Freeboard in inches 
300 54} 543 55} 554 6 564 
205 55 55} 56 56} 569 57} 
310 5d} 56 56} 57 |) BT 58 
315 564 563 57} 574 58} 583 
320 57 57} 58 583 59} 593 


Moulded depth.—The moulded depth is measured from outside of plating at keel to top of beam 
at side. 


Rise of floor.—The standard rise of floor is 5°. 

Proportions.—There is no standard ratio of depth to length, as the necessary allowance is made in 
the tables. 

Sheer.—In vessels of standard type, 7.¢., having poop and forecastle, the sheer is measured at 4th of 
the length from each end. In flush deck vessels it is measured at the ends. If a short forecastle only 


is fitted, the sheer is measured at 4th of the length from stem and at the sternpost. The standard mean 
sheer in inches is obtained from the formule :— 


Measured at ends... af fe pa F_.ipek 10 
Measured at 3th length from each end pie = (3 + 10) x 6 
L 


Measured at ith length from stem and at sternpost = ( i0 + 10) eae 


where L = length on waterline in feet. 
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Round of beam.—The standard round of beam is } in. per foot of beam measured at upper deck. 

Spar and awning deck vessels.—The tables assume a standard height of 7 feet. In spar deck 
vessels the freeboard is measured from top of wood spar deck, and in awning deck vessels it is measured 
from top of wood main deck. If the wood deck in either case is omitted, its thickness is to be added to 
the freeboard. No allowance is made for erections or excess sheer. 


CORRECTIONS FOR VARIATIONS FROM STANDARD Form, 


Moulded depth, rise of floor, and round of beam.—Where the wood deck is omitted, its thickness 
is deducted from the moulded depth. When the rise of floor is greater or less than the standard, the 
moulded depth is reduced or increased by an amount depending on the rise of floor, and the quarter 
breadth of vessel. If there is any deficiency in the round of beam, the amount is added to the depth for 
freeboard. 


Sheer.—-}th of the difference between the actual and standard mean sheer is added to or deducted 
from the freeboard, but no allowance is made for an excess of over 50 per cent. If there is a fall in sheer, 
half the amount is added to the freeboard. 


Erections.—When the poop and forecastle are omitted the freeboard is to be increased 1} inches for 
vessels 100 feet in length, to 16 inches for vessels 500 feet in length. If a forecastle only is fitted, half 
the above amount is to be added ; and if a poop only is fitted the freeboard is to be as required for a 
flush deck vessel. 


The allowance for a long poop or forecastle depends on the length of the erection, and on the 
difference between the freeboard of a vessel having standard length of poop and forecastle, and a vessel 
having a complete awning deck. For the purpose of assessing the allowance for extra length of poop 
and/or forecastle, the distance between the standard poop front and after end of standard forecastle (i.e. 
the amidship }ths length) is divided into 10 parts, and to each part is allocated a per cent. allowance. 
This allowance varies with the position of the section and depends also on whether the extension is from 
the poop or forecastle. 


The following diagram will explain the method clearly :— 


t KF CLE I 
ff fo0P of LEN, 
Zen. 5 = _9 _ = 29— ger 


93 Y 
Bis ees 3 4 s Ge eee | es 
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Other erections.—The allowance for erections other than a long poop or forecastle coyering the 
machinery space is expressed in a per cent. of the tabular freeboard (after correction for sheer), and 
depends on the per cent. of the vessel’s length covered by the erection, the character and height of the 
erection, and in the case of bridges a greater allowance is given for the portion forward of amidships 
than for the portion abaft amidships. 

If the freeboard of a vessel coming under this paragraph is more than 50 inches, it is to be assumed 
as 50 inches in assessing the allowance for erections. 

General.—Full allowance is only given when the erections are of a substantial character, all 
openings are suitably protected, ample freeing ports are provided; and if the crew are not accommodated 
in the bridge, satisfactory arrangements are provided to enable them to get backwards and forwards from 
their quarters. 

Seasonal allowances.—The tables give the freeboards in winter. The summer deduction and 
winter North Atlantic addition in inches is obtained by multiplying the freeboard moulded depth in 
feet by ‘2. 

In well deck steamers trading in the North Atlantic in winter, the above amount is increased by 
1} inches. 

"Sailing vessels —The general requirements are similar to those for steam vessels. The standard 
rise of floor is 7°, and wood vessels are to have their freeboards increased from 10 per cent. to 40 per cent. 
in accordance with the age, material, and condition of the vessel. 


BOARD OF TRADE COMMITTEE, 1883. 
Instructions to Surveyors, 1886. 


A Committee was appointed in 1883 by the President of the Board of Trade (The Right Hon, 
Joseph Chamberlain, M.P.), to consider the question of the determination of loadlines to Merchant Ships. 

The Committee consisted of the following gentlemen, viz:—K. J. Reid (Chairman), W. Denny, 
Robt. Duncan, James Dunn, Francis Elgar, Thomas Gray, William Gray, James Laing, Benjamin 
Martell, Digby Murray, T. B. Royden, and Thos. Sutherland. 

The questions referred to this Committee were :— 

1. Whether it is now practicable to frame any general rules concerning freeboard which will 
prevent dangerous overloading without unduly interfering with trade. 

2. If so, whether any, and which of the existing tables, with any, and what alterations, or 
any other, and what tables should be adopted. 

3. How far any such tables can be adopted as fixed rules, and what amount of discretion 
must be left to the officers who have to see that they are complied with. 

The Committee first met in January, 1884, and issued their report in 1885. In reply to the fore- 
going questions the Committee reported as follows :— 

1. We are of opinion that it is now practicable to frame general rules concerning freeboard 
which will prevent dangerous overloading without unduly interfering with trade. 

2. We have the pleasure to submit herewith tables which we consider should be adopted. 

3. We are of opinion that these tables can be adopted, at least for all existing types of cargo 
vessels, and for some years to come, without the exercise of any other discretion on the part of the 
officers who have to see that they are complied with than that which concerns the quality and 
condition of the ship. ‘he freeboards assigned by the tables herewith are suitable for vessels of 
the highest class in Lloyd’s Register, or of strength equivalent thereto, and should be increased 
for ships of inferior strength. 

The Committee further recommended that a large discretion should be allowed to the responsible 
authorities in view of possible modifications in existing types, or types which may afterwards be produced. 

The tables are based almost entirely on those hitherto adopted by Lloyd’s Register, but several 
features in Sir Digby Murray’s tables, after receiving the approval of Mr. Martell, were introduced. For 
example, Murray’s standard sheer, seasonal allowances, and certain features in the allowance for erections 
were substituted for Martell’s. 

The recommendations of the Committee were accepted by the Board of Trade, and these were 
published as “ Instructions to Surveyors” in January, 1886. 
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The instructions contained, in addition to the tables and regulations formulated by the Committee, 
notes regarding the interpretation of certain passages which had been agreed to by the Board of Trade 
and Lloyd’s Register. 

It was intimated that vessels marked in accordance with these instructions would not be detained for 
overloading, and that certificates issued by Lloyd’s Register or the Board of Trade would be accepted. 

As these instructions form the foundation on which the whole fabric of freeboard regulations have 
been erected, it will be convenient to defer a fuller exposition to a later section, when the various 
instructions will be considered. 

It is interesting at this stage to note that in a paper read before the Balloon and Scientific Society 
on the 14th March, 1884, by A. Carnegie, it was suggested that Mr. Chamberlain should be called upon 
to redeem his promise to make it the law of England that a fixed loadline shall be compulsory upon every 
British ship that floats, and that all foreign vessels frequenting our ports ought to be limited in their 
loading in a proportionate degree. 


MERCHANT SHIPPING ACT, 1890. 


Although the instructions previously dealt with were issued in 1886, there was no legal obligation 
imposed on Owners except that defined in the Act of 1876, and in consequence frecboards were only 
assigned on the voluntary application of the Owners. There was a limited outcry against interference 
with the rights of Owners, but generally speaking the tables met with a ready support, freeboards were 
applied for and assigned to the great majority of British vessels trading to all parts of the world. The 
result was that after a period of 5 years of voluntary application, the Merchant Shipping Act of 1890 was 
passed with very little opposition, and the great object of Plimsoll’s agitation was achieved. 

The Act, passed in June, 1890, came into force on 9th December, 1890, for vessels registered in the 
United Kingdom, and on 9th June, 1891, for Colonial vessels. It required that all vessels, except vessels 
of under 80 tons register employed in the Coasting trade, vessels employed solely in fishing, and pleasure 
yachts, should have freeboards assigned in accordance with the tubles and regulations, subject only to the 
correction due to the statutory deck line, such freeboards to be marked on the vessel’s sides at the middle 
of the length, and such additional lines as may be required to indicate the maximum loadline under 
different circumstances and seasons. 

The term “amidships” was defined as the middle of the length of the load waterline as measured 
from the fore side of the stem to the after side of the sternpost. 

Provision was made for the mutual acceptance of equivalent regulations framed either by any 
British possession or any foreign state, 

As indicating the prominent position occupied by Lloyd’s Register in the development of loadline 
legislation it is interesting to note that the Act distinctly required the Board of Trade to appoint the 
Committee of Lloyd’s Register to assign freeboards in accordance with the tables and regulations 
appended thereto. 

The following is the section referred to :— 

The Board of ‘Trade shall appoint the Committee of Lloyd’s Register of British and Foreign 
Shipping, or, at the option of the Owner of the ship, any other Corporation or Association for the 
survey or registry of shipping approved by the Board of Trade, or any officer of the Board of 
Trade specially selected by the Board for that purpose, to approve and certify on their behalf from 
time to time the position of any disc indicating the loadline, and any alteration thereof, and may 
appoint fees to be taken in respect of any such approval or certificate.” 

Under this section of the Act, the British Corporation and the British Committee of Bureau Veritas 
have also been appointed as Assigning Bodies, 

It should also be specially noted that power was given to the Board of Trade to sanction from 
time to time modifications in the tables, and they were required to consider such representations as might 
be made to them by any Corporation or Association for the survey or registry of shipping for the time 
appointed or approved by the Board for the purposes of the Act. 

This section of the Act has been repeatedly challenged, but, under its provisions, every subsequent 
modification in the regulations has been made without the necessity of an amending Bill. The 
Instructions to Surveyors were modified from time to time as the prevailing types were developed or new 
types of vessels were introduced. For example, a “memorandum of explanatory notes” was published in 
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1890 and again in 1892, New editions of the Instructions with accompanying memoranda were issued 
in 1898, 1903, 1906, 1909, and 1920. Rules for determining the freeboard of “Turret deck” steamers 
were published in 1898, and for “Shelter deck” steamers in 1903. ; 

Further Acts were passed in 1894, 1898, and 1900, but these did not effect any change in relation 
to freeboard. ' 

In the Merchant Shipping Act of 1894, the following British vessels are exempt from the require 
ments regarding loadline, viz. :— 

(a) Ships under 80 tons register employed solely in the coasting trade. 

() Ships employed solely in fishing. 

(c) Pleasure yachts. ‘ 

(d) Ships employed exclusively in trading or going from place to place in any river or inland 
water, the whole or part of which is in any British possession. ; 

In the Act of 1906, the exemption (a) as regards steamships was deleted, but power was given to 
the Board of Trade to exempt any class of steamship, so long as they do not carry cargo. 

Under the powers thus conferred, the Board of Trade by an order in Council (349), dated 24th of 
April, 1907, exempted the following classes of Coasting steamships under 80 tons register so long as they 
do not carry cargo :— 

(1) Tugs and salvage steamers. 

(2) Steamers surveying harbours and approaches thereto. 

(3) Steam hopper barges and dredgers. 

(4) Steam pilot vessels. 

(5) Passenger steamers holding Board of Trade passenger certificates plying in smooth water 
or partially smooth water limits. 

By a further order in Council (481), dated 30th May, 1907, passenger steamers holding Board of 
Trade passenger certificates plying in excursion limits were exempted. : 

In dealing with the various Merchant Shipping Acts, we have only dwelt on those sections effecting 
the question of freeboard. It must be noted, however, that the Acts covered many other subjects relating 
to the Mercantile Marine. Under the powers conferred on the Board of Trade, various alterations 
were made by “ Order in Council,” and in 1906 a further Act was passed consolidating the various Acts 
and Orders, and this Act, known as the “Merchant Shipping Act, 1906,” remains in force till the 
present day. 


LIGHT LOAD LINE. 


Legislation has been mainly concerned in restricting the maximum loading of ocean going vessels. 
In 1903, however, an attempt was made to fix a light load line. The question was raised in the 
House of Lords by Lord Muskerry, and a select committee under the chairmanship of Earl Spencer 
was appointed to investigate this question. ‘The terms of reference to the committee were :— 

1. Whether, and if so, to what extent, British ships are sent to sea in an unseaworthy 
condition by reason of their being insufficiently or improperly ballasted. 

2. Whether any amendment or amplification of the law is desirable in connection therewith. 

3. If so to what extent any such alteration of the law could be made equally applicable to 
foreign vessels. 

The peed was fully investigated by the committce, who reported that they were unable to 
recommend any definite regulations. In the case of steam vessels, double bottoms for the carriage of 
water ballast had become the rule rather than the exception; while in the case of sailing vessels, many 
of which were designed to be unstable in the light condition in order that the stability when loaded with 
homogeneous cargo might not be excessive, it was impossible to send them to sea without a considerable 
amount of ballast. 

Under the Merchant Shipping Act of 1894, a severe penalty was incurred for sending to sea in an 
unseaworthy condition, any ships which were deemed to be unsafe by reason of insufficient, improper, or 
improperly secured ballast. 

It was therefore decided that sufficient protection was already provided by this section of the Act, 
but a warning was issued by the Board of Trade in July, 1903, calling the attention of shipowners, 
masters, shipbuilders, and the classification societies, to the necessity for due care being exercised in the 
ballasting of ships. 
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FREEBOARD REGULATIONS AND TABLES, 1886-1906. 


As we have already noted, the freeboard regulations and tables of 1886, form the basis on which the 
whole fabric of subsequent regulations was built. It is rather curious to note that while it was found 
necessary to supplement the early regulations by a memorandum of explanatory notes, no attempt was 
made to embody these notes in subsequent editions of the regulations, but instead they have been retained 
independently to the present day, being modified with the regulations as circumstances directed. 

It will not be necessary therefore to deal in detail with the various instructions published at different 
periods, but rather to indicate generally the various stages which led up to the “Instructions” of 1906. 

The standard vessel on which all the Instructions are based is a vessel having :— 

1. A length equal to 12 times the moulded depth in steamers and 10 times the moulded 
depth in sailers. 

2, Ordinary open floors with ceiling laid thereon. 

8. Frames of a depth as given in Lloyd’s Rules for 1885, or equivalent thereto, and having 
sparring on the face of the frames. 

4. A round of beam equal to } inch per foot of beam measured at upper deck. 

5. A wood upper deck of normal thickness. 

6. A mean end sheer in inches equal to 


L 
tot 10 


where L is length on waterline in feet. When a forecastle and poop are fitted, the mean sheer is 
measured over the amidship }ths length, the standard being ,°;ths of the above mean end sheer. 
When a forecastle only is fitted, the mean sheer is measured over the aftermost {ths length, the 
standard being approximately ;/;ths of the mean end sheer. 

The sheer is required to be of a gradual character. In 1890 this was defined as °55, 26 and 
‘07 of the end sheer at ordinates situated 4th, }th and gths of the waterline length from either 
end of the vessel. 

7. A tonnage coefficient depending on the under deck tonnage and the length on waterline, 
the extreme breadth over the plating or planking, and the registered depth of hold. No allowance 
is given for coefficients below 68 or above *82 in full scantling steam vessels and spar deck 
vessels, °66 to *80 in awning deck vessels, and *64 to ‘76 in sailing vessels. Owing to the greater 
depth of frame and thickness of planking, the coefficient in a wood vessel is 06 less than the 
corresponding coefficient in a steel or iron vessel. 

8. In well deck vessels, sufficient freeing port area in the well, and, under certain conditions, 
a gangway to enable the crew to get to and from their quarters in rough weather without 
descending into the well. 

9. In spar and awning deck vessels, a "tween deck height of 7 feet. 

10. A relation of breadth to depth such as to ensure safety at sea with the freeboard assigned 
when the vessel is laden with homogeneous cargo. 

11. Strength equivalent to Lloyd’s Rules for 1885, efficient hatchways, casings, scuppers and 
deck and side openings. 


DEPARTURES FROM STANDARD CONDITIONS. 


Few, if any, vessels are now built which conform exactly to the foregoing standard. Vessels are 
built to suit particular trades, or the whim of individual owners ; vessels engaged in the ore or coal trade 
require different proportions to those employed in carrying grain or light cargoes where a definite relation 
of cubic capacity to displacement or deadweight is required ; others are required to navigate shallow 
waters, or have to pass through canals; few are built without erections, detached or otherwise ; and in 
passenger vessels several tiers of either complete or partial erections are required. 

Vessels are built with double bottoms, deep framing in lieu of tiers of beams; ceiling and sparring 
are omitted to suit the requirements of the owners; and types such as turret vessels, trunk vessels, 
cylindrical vessels and others have been evolved for particular purposes, 
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Again many vessels intended for restricted trades are built of scantling less than that of the standard. 

All these cases have to be considered on their merits and in consequence it is necessary to apply 
corrections and allowances for almost every factor in the design. 

These corrections will now be considered. 

Variations in the arrangement of floors, complete or partial double bottoms, framing, sparring, 
ceiling and sheer, affect the tonnage coefficient ; but the necessary corrections are not difficult to under- 
stand if we remember that the object is to arrive at a length, breadth and depth in relation to the under 
deck tonnage comparable to the length, breadth and depth of a standard vessel in relation to its tonnage. 
For a considerable period the coefficient obtained from the registered dimensions and under deck tonnage 
was increased ‘01 for deep framing, and reduced ‘02 for a complete double bottom. The latter 
correction is still retained, but the breadth is corrected in respect of depth of framing and sparring, and 
the depth in respect of ceiling, sheer and rise or fall in the line of tank top, and the tonnage in respect of 
irregularities in either the bottom or the framing, before the coefficient is obtained. 

If the wood upper deck is omitted, its thickness is deducted from the moulded depth when the 
erections cover less than ths of the vessel’s length, but when ;jths and upwards are covered by 
erections the thickness or part thereof is deducted from the freeboard. 

If the sheer is greater or less than the standard, 4th of the excess or deficiency is deducted from or 
added to the freeboard, but in flush deck vessels, vessels having poop and forecastle only, or vessels 
having open bridges, no allowance is permitted for sheers over 50 per cent. in excess of the standard. If 
the sheer is of irregular character, the equivalent gradual sheer is computed before the correction is 
applied. If there is a fall in sheer abaft amidships, no correction is made when the fall in sheer is 
covered by erections, but otherwise half the fall in sheer is added to the freeboard. In the case of a 
complete superstructure no allowance is made for sheer. 

The general principle is that sheer allowance is only made in respect of such proportion of the 
length of the upper deck as is uncovered by erections. When a poop and forecastle are fitted the sheer 
is measured over the amidship 3ths length. and when a forecastle only is fitted the sheer is measured over 
the Zths length aft. 

This latter has one curious effect, for owing to the incidence of the sheer correction in the case of 
a vessel having sheer in excess of the standard, the freeboard for a yesse! with a forecastle is greater ihan 
if no forecastle be fitted. In practice, however, the flash deck freeboard is assigned. 

When the length is greater or less than the standard, the freeboard is increased or reduced 
accordingly, but when ,‘;ths of the length or more is covered by erections, only half the length 
correction is applied. This affects the freeboard adversely when the length is less than the standard, for 
it will be found that in a vessel having say 65 per cent. of the length covered by erections the freeboard 
is greater than if only ;5,ths of the length is covered. 

When the round of beam varies from the standard, the freeboard is corrected, the correction 
depending on the excess or deficiency and the ratio of length uncovered by either open or enclosed 
erections. 

The principal correction is that due to erections on deck, and for convenience these will be treated 
in accordance with the type as set forth in the various paragraphs of the freeboard regulations. 

The principal classes are as follows: — 

Par. 11.—Well deck vessels, having a forecastle and a bridge joined to a poop or raised 
quarter deck, the erections covering at least ,‘yths of the length. 

Par. 12.—Three island vessels. 

Par. 18.—Vessels having a forecastle and bridge. 

Par. 14.—Vessels having a forecastle and poop. 

The allowances for fully enclosed erections coming under the above paragraphs have been modified 
from time to time, as have also the corrections in respect of standard height, protection of machinery 
casings, strength of erections, strength of bridge front bulkheads, and openings in decks and sides. 

The allowance in freeboard is determined in relation to the difference between Table A freeboard 
(corrected for sheer when the sheer is measured at the ends, and corrected for length when the full 
length correction is applied) and Table C freeboard (corrected for length when the full length correction 
is applied), and the proportion of the length covered by effective erections, 
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The allowances are set forth in the following Table :— 


Percentage of length 
covered by efficient 
erections. 


95 
90 
80 
70 
60 


5 


1856 


10* 


Percentage allowance. 


1906, 1909 and 


1890 1898 and 1903 | 1920 
Paragraph 11. 
90) | 90 90 
85 85 | 85 
75 75 | 70 
63 63 5d 
50 50 40 
Paragraph 12. 
85 75 
80 70 
70 70 60 
Max | 
60 60 50 
50 50 40 
10 40 32 
33°33 33°33 | 25 
25 25 | 18°75 
Paragraph 13. 
37 37 30 
Max. Max. Max. 
30 30 24 
25 25 19 
16°66 16°66 12°66 
Paragraph 14. 
Be 1a 32 
10 10 24 
8 8 16 
6 6 8 


| 


*Note.—From 1886 to 1903 the allowance under Paragraph 14 was a percentage of the flush deck freeboard, but 


in 1906 it was brought into line with other paragraphs, 
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It will be observed that the percentage allowances were considerably reduced in 1906, but this is due 
to the modification which was made in Table C in that year. 


Full allowance is only given when the erections are of standard height and strength, efficiently closed 
at the ends, and when the machinery openings are efficiently protected. 


The standard height of a poop or raised quarter deck in 1886 was 4 feet, but in 1906 it was 
amended to 3 feet for a vessel 100 feet in length and 6 feet for a vessel 400 feet in length and upwards, 
unless in the case of a part awning deck vessel, where the standard of 4 feet was retained. 

The standard height of a forecastle is 6 feet. 


In the case of well deck vessels having strengthened bridge front bulkhead, additional freeing port 
area in well, and hatch coamings at least 30 inches in height, a reduction not exceeding 2 inches was 
made in the freeboard from 1892 to 1906. An allowance, varying from 24 to 3} inches was made in 
well deck vessels having strengthened sides, at least 85 per cent. erections, and the bridge being not less 
than jjths of the length of vessel. ‘These allowances were not cumulative, and in the revision of 1906 
they were both discontinued. 


In well deck vessels having deficient freeing port area, or lacking efficient facilities to enable the 
crew to get to and from their quarters, the freeboard is increased. From 1886 a similar penalty was 
imposed on three island vessels having only one deck laid, in 1890 this was restricted to vessels under 
15 feet moulded depth. and in 1906 was further restricted to vessels under 15 feet moulded depth and 
having erections covering over 50 per cent. of the length. 


In the case of vessels having part awning decks with strengthened sides, a reduction, varying from 
24 to 34 inches, from the freeboard given in Table C was made in 1892, and this allowance was doubled 
in 1908, when the break of the quarter deck was ,°;ths of the vessel’s length abaft amidships. 


The original spar deck vessel was one having a comparatively light superstructure, but in course 
of time, the topsides were strengthened by increasing the scantlings, both of the framing and shell 
plating. Under the classification rules the numerals and proportions were measured to the main deck, 
but owing to the extreme proportions of depth to length when measured to this deck, a vast accumulation 
of material took place at the main topsides, with the result that the weight of material in the shell and 
decks, in many cases, exceeded that of the full scantling vessel. 


The inevitable result was that the material was moved to the spar deck and topsides, and was 
limited by the rule requirements for the full scantling vessels. ‘The requirements of the classification 
rules had been gradually extended, and, prior to the revision of 1906, it was found that, in almost every 
case, a spar deck vessel, built in accordance with the current rules, was equal in strength to the full 
scantling rules of Lloyd’s Register for 1885, and was thus entitled to the minimum freeboard for a full 
scantling vessel. The type was withdrawn froin the rules of Lloyd’s Register in 1909. 


The only allowance which is made for erections in a spar deck vessel of standard strength is for a 
bridge house, covering at least 2ths of the length of vessel, when the freeboard is reduced 4 inches in the 
case of a vessel of 16 feet moulded depth to 1 inch for a vessel of 28 feet moulded depth, measured to 
the main deck. 


The freeboard is further corrected in respect of variations in the height of the spar deck. 


The awning deck vessel, in its development, followed close on the spar deck vessel, and finally 
displaced it in 1909. In the freeboard revision of 1906, when the requirements regarding erections were 
generally “tightened up,” increased scantlings were required in the topsides and awning deck plating in 
order to entitle the vessel to the reduced freeboards permitted by the alterations then made to Table C of 
the regulations. But again classification requirements were ahead of the standard, with the result that 
many awning deck vessels were as strong as the 1885 standard full scantling vessel, and, in consequence, 
were entitled to the minimum Table A freeboard. 


In a standard awning deck vessel no allowance is made for increased height of erection, erections on 
awning deck, or variations in sheer or round of beam, 


23 


The standard of strength is Lloyd’s Register’s Rules for 1885 except in so far as these are modified 
by the increased standard of topsides for awning deck vessels introduced in 1906. Provision is made in 
the regulations for vessels of strength intermediate between the various standards, or for vessels having a 
class less than ]QQA. A method has been gradually developed by which the allowance between Tables A 
and B or between Tables B and C can be determined. This method, however, has proved unworkable in 
practice as it allocates Zths of the available allowance to transverse strength, irrespective altogether of the 
longitudinal strength, and }ths to longitudinal strength irrespective of the transverse strength. Further, 
the increase in freeboard required in a vessel 300 feet in length, classed 90A, is only 1} inches, but the 
reduction in strength corresponds more nearly to a foot in the draught. 

In consequence the only reliable method to follow is to compare the strength with that of the full 
scantling standard of 1885, and assess the draught accordingly. 

The freeboards given in the Tables are winter freeboards, but a reduction is made for summer 
voyages, voyages in the Indian seas in summer, and for fresh water, and an addition for voyages in the 
North Atlantic in winter. With regard to the latter the addition made in the freeboard of full scantling 
vessels in 1886 varied from 3 inches in vessels of 18 feet moulded depth and under to 6 inches in vessels 
of 34 feet moulded depth. 


In the memorandum published in 1892, the additional freeboard for well deck vessels was increased 
to 5 inches for a vessel of 180 feet in length, to 8 inches for a vessel 800 feet in length, and having 
erections covering 60 per cent. of the length, a smaller increase being made when longer erections were 
fitted. 

Prior to 1903, the boundary of the North Atlantic was defined as “North of and including 
Baltimore.” In 1903 this was amended to 87°30 north latitude. In 1906 this was again amended to 
“North of Cape Hatteras,” and the penalty was reduced to 2 inches for all vessels up to and including 
330 feet in length, except in the case of well deck vessels. In this type the increase was modified to 
4 inches for a vessel 180 feet in length, and 3 inches in a vessel 300 feet in length having erections 
covering ,";ths of the length. When the erections covered 80 per cent. of the length the increase was 
2 inches in all cases. 


Sailing Vessels.—So far we have dealt principally with the regulations as applied to steam and 
power propelled vessels. In the case of sailing and non-propelling vessels the regulations are somewhat 
similar, the principal differences being as follows :— 


1. The standard ratio of depth to length is 10. 

2. Allowance is made in the moulded depth for freeboard on account of excessive rise of floor. 
3. The allowance for erections is modified. 

4, The freeboard is slightly greater than in a propelled vessel. 


5. In the case of sailing vessels fitted with auxiliary propelling power, fulfilling certain 
conditions as to speed and fuel capacity, a reduction is made from the sailing ship freeboard which 
just compensates for the loss in deadweight caused by the weight of the motor and its fuel. (This 
allowance was introduced in 1912). 


TURRET SHIPS. 


In December, 1898, following a conference of the Assigning Authorities, rules were published for 
determining the freeboard of turret deck vessels. 

Owing to the form of these vessels, the usual method of computation could not be followed on 
account of the loss of reserve buoyancy due to the rounded gunwale. It was therefore decided that the 
freeboard should be determined on a “buoyancy” basis, in order to secure the requisite reserve buoyancy 
as given in Table A of the regulations. 


The buoyancy of the turret was assumed to be 60 per cent. of its total volume, but no allowance 
was to be given for any excess in height of turret beyond the standard of 25 per cent. of the moulded 
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depth. No allowance is given for erections on the turret deck, other than a poop or forecastle, each not 
exceeding 1th of the length of the vessel. 

In 1906 the allowable volume of the turret was increased to 70 per cent., and an allowance was 
made for a poop or forecastle slightly in excess of }th of the length of the vessel. 


TRUNK SHIPS. 


The trunk deck vessel differs from the turret, both in respect of the gunwale and the rounded form 
of the base of the trunk. The normal form being retained at the gunwale permits of a full poop and 
forecastle being fitted, and also a bridge if desired. ‘The method is therefore similar to that followed in 
a vessel of normal form, the effective Jength of the trunk being determined in relation to the width and 
height of the trunk, when compared with the beam of the vessel at the upper deck and a standard height 
of 6 feet, or 25 per cent. of the moulded depth, whichever is least. The length so obtained is further 
reduced by 20 per cent. if the trunk is joined at the forward and after ends to substantial side to side 
erections, and 60 per cent. if only one end of the trunk is so joined. 


When a trunk is fitted in the well of a well deck vessel, the case is to be specially considered. 
In all other respects the computation is the same as for a vessel of normal form. 


OTHER FORMS. 


> 

Other forms, such as cylindrical shaped vessels, and vessels of the Ayre-Ballard type, are treated on 
the basis of reserve buoyancy, in a manner similar to the turret deck vessels. 

Sundry other corrections have been made from time to time. For example, when the practice was 
introduced of omitting tiers of hold or lower deck beams, an increase of about 5 inches was made in the 
freeboard to compensate for the omission of the wood middle deck. Such a correction, however, which 
had no bearing whatever on either the buoyancy or the strength of the vessel, could not be justified, and 
it was abolished in 1904. 

It was also the practice at one time to limit the allowance for a spar deck, even in cases where the 
strength was equal to that of a full scantling vessel. 


B.T. INSTRUCTIONS (1906). 


The revision of the freeboard regulations in 1906 was one of the most drastic in the history of 
freeboard assignment. One of the reasons for this revision was the fact that the German freeboard 
regulations introduced in 1903 required smaller freeboards in awning deck steamers and large sailing 
vessels, but greater freeboards in flush deck vessels. 

The difference, in inches, are broadly indicated in the following Table :— 


MOULDED DEPTH IN FEET. 
10 20 30 40 
}+— 
Flush deck steamers ... ...  ...| +7 a8 0 Lametoes 
Awning deck steamers mas uceahet SF —7 —6 —3 
Flush deck sailers ...... “| 0 0 —10 


(In 1907 the German regulations were amended to bring them into practical agreement with the 
amended British regulations.) 


In accordance with the provisions of the Merchant Shipping Act the measure was laid on the table 
of the House and went through the usual preliminaries without exciting any serious comment. It was 
only when the work of revision had proceeded for some time that public attention began to be called to 
the deeper loading permitted by the new regulations. Questions were fired at the unfortunate head of 
the department of the Board of Trade, Mr. Lloyd George, and a storm of greab violence broke over the 
shipping community. It was computed that by the operations of the altered regulations, the deadweight 
carrying capacity of the world’s tonnage had been increased by 500,000 tons, equivalent to a building 
loss of 120 vessels, 


Broadly speaking, the increased draught permitted in the various types was as follows :— 


Awning deck steamers... ye xe ee or 7 to 13 inches, 
Well deck steamers up to 300 feet in length ... Ao moe Oe 
= - x 400 ,, and upwards... Pir 2555, 21 Gt a te 
Three island steamers 300 feet in length ay noe OF 
D> eh PEO ge ae ee ee 
Flush deck steamers over 350 feet in length ... ah tt eae ars 
Sailing vessels over 200 feet ts ora xa te O55 Medes By 


(The larger allowance applies to vessels of greater length or having the longest erections). 


It is true that in a number of cases deeper loading than that given above was permitted, but these 
were cases which had not been revised at previous revisions of the rules, and sister or similar vessels had 
been trading at deeper draughts for a number of years. It was alleged that vessels loaded to the deeper 
draught permitted by the new regulations were sluggish and even dangerous, that many were lost through 
overloading and that the lives of the whole seagoing community had been jeopardised. 


When specific cases of loss were enquired into, however, it was found that in all cases the vessels, at 
the time of the disaster, were floating at a draught less than that permitted by the old regulations, and 
not one case was found in which the new regulations could be held liable for the loss of the vessel, 


LOADLINE COMMITTEE (1913-16). 


It is now seventeen years since the amended regulations were introduced, and reviewing the situation 
in the light of this experience it can be confidently maintained that the action of the Board of Trade was 
justified, and that a standard of loading has been arrived at which provides ample security for vessel and 
crew, and a profitable return for the owners. The method of computation is certainly unnecessarily 
complicated, but, in a broad sense at least, the result is satisfactory. 


Following on the terrible ‘ Trrantc” disaster, the whole subject of the safety of life at sea was 
brought prominently before the public by the appointment of the Mersey Committee, and as a result of 
their investigations steps were at once taken to revise the laws relating to the subdivision, lifesaving 
appliances, and equipment of passenger vessels. 


The prominence given to this question served to draw the public attention to the loadiny of cargo 
vessels and the agitation which followed the revision of 1906 was repeated and the old charges reiterated. 
At the same time many of the continental nations had introduced freeboard regulations, in some cases 
based entirely on the British regulations, and in other cases only differing slightly from them. 


The time was therefore deemed opportune for the introduction of international regulations, and an 
invitation was issued to the principal maritime powers to attend a conference in London with this object 
in view. Owing to the war this conference, however, was never held. 


26 


With the object of placing definite proposals before the projected conference, a Committee was 
appointed by the Board of trade on 16th April, 1913, to examine the existing regulations and make such 
recommendations as they might consider necessary. 


The Committee consisted of Sir Philip Watts as chairman, Sir Westcott 8. Abell as technical adviser, 
and representatives of the Board of Trade and the various assigning bodies. Lloyd’s Register was 
represented by Dr. Thearle and Mr. G. R. Mares. 


The existing regulations were subjected to a most searching enquiry, evidence was taken from 
owners, superintendents and officers, and representatives of the seamen, the experience of the various 
classification societies was placed at the disposal of the Committee, and no stone was left unturned in the 
search for information bearing on the subject. When their report was issued in 1916, it was found 
that their enquiries had fully vindicated the revision made in 1906, for it was found that there was no 
evidence to indicate that freeboard was a dominant factor in causing the maritime losses to which their 
attention had been called, and that the revision of the tables of freeboard in 1906 cannot be regarded as 
having caused an increase in such losses. 


With a view to the simplification of the necessary calculation of freeboard, and to adapt the 
regulations more fully to modern types, it was proposed to remodel the entire basis of the tables. A brief 
description of the proposed regulations will therefore be given. 


The standard vessel is one having a length equal to 12 times the depth at side measured from top of 
keel to top of freeboard deck, a mean sheer ordinate in inches equal to (041.+16) when no forecastle is 
fitted, and (04L.+8) when a forecastle is fitted (where L is the length between perpendiculars in feet) 
and a round of beam equal to ,\;th of the breadth. The tables are based on a block coefficient at a 
draught equal to 85 per cent. of the freeboard depth, instead of the tonnage coefficient with all its 
complicated corrections. Only one table is given with the addition of an allowance for a complete 
superstructure. 


Where the standard type is departed from, various corrections are applied as at present, with this 
important difference, that each correction (such as sheer, length, and round of beam) is entirely indepen- 
dent. The freeboard is increased for deficiency in sheer, but no reduction is given for excess sheer. This 
is due to the fact that the proposed standard is considerably in excess of the existing standard. The full 
length correction is applied in the case of a flush deck vessel, and half the correction when a complete 
superstructure is fitted, intermediate allowances being obtained by interpolation. Considerable importance 
is attached to the fitting of a poop and forecastle, the maximum allowance being only given when these 
are fitted. In other respects the allowance for erections is directly proportional to the ratio of length 
covered, and in this way all the irregularities of the present regulations are eliminated. The freeboard 
given in the tables is the summer freeboard instead of the winter as at present. 


It is interesting to compare the freeboards obtained by the proposed regulations with those at present 
assigned. It is generally agreed that the freeboards of flush deck vessels without erections do not provide 
sufficient protection either to the crew or to the deck openings forward, nor sufficient height of platform 
forward for the safe working of the vessel. It is therefore proposed to increase the freeboard of such 
vessels, the increase varying from 7 to 13 inches when the sheer is in accordance with present average 
practice, and from 8 to 6 inches when the yroposed standard sheer is provided. In complete super- 
structure vessels the freeboard is increased from 1 to 3 inches. In vessels having detached erections it is 
rather difficult to state the effect in particular types owing to the irregularities in the present allowances, 
but it may be broadly stated that well deck vessels with long erections will have slightly increased free- 
boards, while three island vessels having similar erections will have slightly reduced freeboards. There is 
Ma aire difference in the ordinary three island vessel with erections covering about 50 per cent. of the 
ength. 


In the foregoing remarks it is assumed that the closing appliances at the ends of the erections are 
such as will permit of the minimum freeboard being assigned in each case. As is well known, it is 
possible, under the present regulations, to obtain the minimum freeboard in conjunction with tonnage 
exemption of the erection spaces. Under the proposed regulations this will not be possible, for minimum 
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freeboards can only be obtained when the closing appliances are of a permanent character, involving the 
inclusion of the erection spaces in the tonnage measurement. In order to obtain tonnage exemption, 
certain temporary appliances only are permitted, and this will involve an increase in the freeboard of 
tonnage opening shelter deck vessels of from 10 to 16 inches, with a proportionate increase when shorter 
erections are fitted. 


In the case of sailing vessels a separate table is not given, but a correction is made to the freeboard 
as computed for a steam vessel of similar dimensions. 


The most important innovation is the proposal to set up a standard of strength in lieu of the 
antiquated standard of the present regulations. The requirements of the various classification Societies 
have been investigated, and on this basis a standard of transverse and longitudinal strength, and a 
standard thickness of side plating in relation to the spacing of the frames, has been formulated. It is 
not suggested that such a standard can be applied to the last half inch of permissible draught, but within 
reasonable limits it provides a uniform standard for use, in conjunction with the geometrical computation. 
When the strength is less than the above standard the freeboard is correspondingly increased. 


Additional attention is given also to the security of hatchways, casings, deck openings, freeing ports 
and crew facilities. 


CHAMBER OF SHIPPING (1922.) 


Although it has not been possible for the projected conference of the various maritime Powers to be 
held, steps have been taken by the Chamber of Shipping of the United Kingdom, and an International 
Conference was held under their auspices in London, in May, 1922. Representatives of Lloyd’s Register 
took an active part in the work of this Conference. 


The Conference, after considering fully the recommendations contained in the report of the Board 
of Trade Load Line Committee (1916), decided to recommend the adoption of the report, subject to the 
following modifications among others of a minor character :— 


1. The present regulations regarding closing appliances to be retained, so as to secure tonnage 
exemption, in conjunction with minimum freeboard, as at present. 


2. The allowance for a complete superstructure to be slightly increased, so as to ensure that 
in a general sense, at least, the existing freeboards be retained, provided the new standard of sheer 
be adopted. 


3. The standard height of superstructures to be modified, so as to provide an increased 
height of platform forward of amidships. 


These modifications have been communicated to the Board of Trade, who have referred the subject 
to an advisory committee, and it is anticipated that in the near future the revised regulations, modified 
perhaps in some respects, will be adopted, not only in this country, but in all the maritime countries. 


When this is done, the principle advocated by Mr. Petree (Cardiff), in a paper read before the North 
East Coast Institution of Engineers & Shipbuilders, so far back as 1891, that the “maximum load 
draught should become a condition of classification for every ship”, will be within measurable distance of 
realisation. 


In order to show, in a graphic form, the various changes which have been made in the basic 
freeboards, two diagrams are appended, 


In Fig. 2 the tabular freeboards for full scantling flush deck (Table A) vessels, from Martell’s Tables 
of 1874 to the Load Line Committee’s Tables of 1916, are indicated. As the basis of the various tables 
differed in certain respects, they have all been equated to conform to the standard of the present (1906) 
reeulations. 


In Fig. 3 the tabular freeboards for g deck (Table C) vessels are similarly indicated. 
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PASSENGER VESSELS. 


Prior to 1916 there was no difference between the freeboards assigned to passenger and cargo vessels, 
except in the case of awning deck vessels in which the bulkheads at each end of the machinery space 
extended only to the upper deck, when the freeboard was determined in accordance with Table C of the 
freeboard regulations. 


In May, 1912, the Board of Trade appointed a Departmental Committee on the sub-division and 
bulkheading of ships, and in November, 1913, while this Committee was still sitting, au International 
Conference on Safety of Life at Sea met in London and drew up a Convention, which was subsequently 
applied to this country by the Merchant Shipping (Convention) Act, 1914. This Act was to come into 
force on 1st July, 1915, but its application has been postponed. 


The provisions of the Convention were referred to the Bulkhead Committee, who subsequently 
issued a first report in 1914, and a second report in 1915, containing Rules and Regulations for the 
Construction of Passenger Steamers. 


In 1915 the Board of Trade adopted part of the recommendations contained in the above reports, 
and these have been applied to all foreign-going passenger vessels whose keels were laid on or after 
Ist January, 1916. 


In October, 1920, the regulations were slightly amended to permit of an alternative method of 
sub-division being adopted whereby longer compartments could be fitted forward of the machinery space. 


The regulations are under revision at present. 


DISCUSSION ON Mr. W. WATT’S PAPER 


ON 


“HISTORY OF BRITISH FREEBOARD REGULATIONS,” 


Mr. E. W. Biocxsper. 


The writer of the paper is to be congratulated on bringing together all the available information on 
the important subject of freeboard in such a helpful and interesting form that, even to one who is in 
daily contact with its application, the whole thing reads more like a story rather than an effort to bring 
to life the dead bones of past history from the valley of despair. 

Judging from the experience of one who has spent many hours in the prehistoric atmosphere of the 
record room of the British Museum, it must have been a pleasure to Mr. Watt, holding the position he 
does in the Society, to investigate all the literature on this subject, sift the wheat from the chaff, and 
give us the benefit of his investigations in the form of a paper which can be easily assimilated by the 
reader. 

May I suggest that such valuable information should not be confined only to the members of our 
Staff, but that ways and means may be provided whereby the paper will be circulated and come 
within the reach of many others associated with shipping outside the Society, who would be glad of 
obtaining information which can only be secured from the source of supply which hitherto has been too 
closely guarded. 

One could speak at some length on the multitude of anomalies which exist in the present regulations, 
and whether they will appear or be obliterated in the contemplated new proposals. ‘This is a question 
which will arise naturally among shipbuilders and shipowners, the majority of whom appear to be satisfied 
with the present regulations. 


The Japanese authorities have adopted their own load line regulations, and it is significant that 
these closely follow the British proposals, or appear to be an attempt to come between the present and 
proposed freeboards. 


The suggested new regulations are the result of an honest attempt to make the rules simple in their 
application, in spite of the use of many of the bricks of the old superstructure in the erection of the 
new edifice. 


As a result of the rapid growth of legislation, particularly since the year 1912, the shipbuilding and 
shipowning industries are almost submerged with difficulties. Freeboard, bulkhead subdivision, tonnage, 
timber stowage, life-saving appliances and passenger regulations have all been dealt with separately at 
various periods. May [ suggest that the time has now arrived when they should all be swept out of the 
way, and we make a bold attempt to start with a clean slate, so that some better relationship could be 
preserved between these various regulations than exists at the present time. To take one example ; The 
freeboard regulations are framed with the object of preserving the life of the ship and the individual, 
based not only on reserve buoyancy, but also on the transverse and longitudinal strength of the structure. 
Bulkhead subdivision has the same object in view and is based on the permeability of the vessel and the 
position of the watertight bulkheads. Yet we find a number of large passenger vessels with two limiting 
freeboard marks on the sides, one when carrying cargo only and another when carrying more than twelve 
passengers, 
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In closing my remarks, may I suggest that the question of dranght might be more clearly 
understood, in dealing with all matters associated with freeboard, as being the moulded draught. The 
extreme draught of a ship is so indefinite a quantity, owing to the rise of floor and overlaps of garboards 
or keel, that its use lends itself to difficulty when freeboard is a condition upon which the scantlings of a 
vessel are based. 


Sm W. 8S. ABELL. 


Mr. Watt has produced a most interesting historical survey of the ordinary Load Line question, and 
one which I might describe as encyclopedic in nature. Naturally, it is not yet possible to deal completely 
with the present phase of the problem, but it is to be hoped that either in the form of an Appendix or 
in some other way it may be possible to add to this valuable paper an account of the present discussions, 
before the next volume of the Society’s Transactions is bound. 


Mr. Watt has also, in my judgment, followed the right method of treating the question by telling a 
plain story in chronological form. It is only by such treatment that one can appreciate how the various 
proposals originated, and what their relative bearing is to subsequent practice. 


The last phase of this great question, which was started by the Load Line Committee of 1913-15, and 
which I hope will shortly come to a conclusion, had for its aim the consolidation of all the previous 
experience, the adjustment of certain practices which were opposite in tendency, and the general 
simplification of the regulations so that the question of freeboard assignment might be undertaken by 
any intelligent person, whereas, as most of you probably know, the assignment of freeboards under the 
present regulations requires expert knowledge of the regulations themselves, as well as wide experience in 
actual assignment work. 


It might be possible nowadays to define the freeboard as a vertical distance marked on the side 
the ship, the length of which is adjusted in accordance with the geometrical properties of the vessel and 
of her enclosed superstructures, taken as a whole; it is really just a length, or a linear measurement, 
which varies proportionately to the linear dimensions of the ship herself. But such a definition always 
presupposes that the strength of the structure is sufficient to enable the vessel to be loaded to the 
minimum freeboard. If such be not the case, it is obvious that the freeboard must be restricted 
directly proportional to the actual strength of the ship. 


It was therefore necessary to set up a standard of strength in relation to draught and dimensions of 
the vessel, both as regards longitudinal and transverse strength, and also as to the thickness of the 
vertical side plating connecting the top and bottom members of the structure. As you will learn from 
Mr. Watt’s paper, this standard of strength was finally satisfactorily expressed, and certainly as far as I 
am concerned the application of the standard in practice has been far more easy and ready than the 
framers of the standard had at first deemed possible. I may add that this standard was thought suitable 
for special vessels which were built as naval auxiliaries during the late war, and even extending the 
standard appreciably beyond the limits for which it was framed did not interfere, at any rate so far as 
longitudinal strength is concerned, with its satisfactory application, which was also justified by 
experience. 


There is one other broad point on which the revised rules differ appreciably from the present 
regulations, and that is in regard to the allowances given for superstructures. You will remember that 
under the present day practice vessels may be severally described as ‘a Para. 11 ship,” “a Para. 12 
Ship,” “a Para. 13 ship,” and so forth, and that according as to whether they come under one or other 
of these categories, so certain specific forms of treatment would arise. 


Moreover, for types intermediate between any of these categories, there were certain anomalies of 
treatment—for example, a well-deck vessel within certain limits had a less freeboard than a three-island 
vessel exactly similar but having a well aft, and which from many points of view could be regarded as 
equally seaworthy, or even more seaworthy. When the Load Line Committee considered this question and 
the suggestion was made that all these categories could be homologated into one, it was stated that the 
matter was arithmetically impossible ; but by an empirical form of solution, in which forecastles 
were considered better than bridges, and bridges better than poops, it was possible first of all to 
create what is called the “ type” factor, covering all the possible variations and combinations of forecastle, 
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bridge, and poop, and secondly, to introduce a “length covered” factor which was measured by the 
combined length of the various superstructures. The product of these two quantities gave the required 
percentage of the difference in freeboard which should be made, expressed as a fraction of the allowance 
for a completely enclosed superstructure extending over the whole length of the vessel. I regard this 
achievement from an arithmetical point of view as most interesting, and, to judge from the further 
re-examination which has recently been made, amazingly accurate. 


I think, however, it is very desirable to emphasise the general opinion of the Load Line Committee 
that per se there was nothing in evidence to indicate that freeboard was a dominating factor in causing 
the loss of ships, but on the other hand, great attention, and yet greater attention, should be paid to 
the protection of openings in decks, whether of hatches, ventilators, or other arrangements. The 
evidence collected by the Load Line Committee, and their own personal inspection of ships, clearly 
indicated that improvement in this direction was not only desirable, but necessary. They emphatically 
endorsed this opinion by practically stating that the question of protection of openings had nothing to do 
with the actual freeboard assigned, and they required all these questions to be dealt with not in terms of 
freeboard, but as a condition of the issue of a freeboard certificate. In effect, they would not entertain the 
arguments that because the height of hatchway coamings had been increased the ship should be entitled 
to a reduction of freeboard. 


In conclusion, I would again express my opinion that we are deeply grateful to Mr. Watt for all the 
work contained in this paper, and that we shall hope to see the complete story in the bound volume of 
the present Session. 


Mr. J. S. OrMISTON. 


The subject of requisite freeboard and associated reserve buoyancy has always been and always 
will, [ think, be one very susceptible of debate. 


In this paper our past President reviews, with his usual clarity, the history of freeboard regulations 
and our Association is therefore again under a debt to Mr. Watt. 


Reading over these earlier attempts to frame suitable loading regulations one is struck with the 
strong influence which the depth of hold had on the minds of those who attacked the problem. It did 
not seem to occur to them that reserve buoyancy should be determined by external and not internal 
dimensions. Possibly this may have arisen from the familiarity of this dimension in connection with 
tonnage measurements. 


Another peculiarity appears to me to be that the freeboard was proposed to vary in terms of the 
breadth only exclusive of the depth which from point of view of strength at any rate is much more 
important. 


The work done by Lloyd’s Register as shown under Martell (1874) and (1882) indicates the activity 
of the Society in those early investigations and it is most interesting to see that in (1882) Lloyd’s 
Register actually stated a suitable stress on the gunwale. This must surely be the first public statement 
of suitable stress on ship structures which has ever been made. 


From 1882 ideas as to methods of freeboard computation seem to have got rapidly into focus for 
in Martell’s (1882) proposals the percentages of allowances for erections are not very different from what 
they are in the present regulations. 


From both the Martell (1882) and Sir Digby Murray (1882) it would appear that poop and 
forecastle ships were more common than poop, bridge and forecastle ships, indeed Sir Digby Murray’s 
rules prescribe a poop and forecastle vessel as the standard. 

One feature of these early rules which still holds sway—happily altered by the 1916 Load Line 
Committee—is that freeboards were to be measured as from a wood deck. The varying methods of 
correction depending on the amount covered by superstructures and for thick and thin wood decks, and 
partly sheathed decks, sheathed amidships and not elsewhere, which consequently have to be made are 
distressing, to say the least, to anyone who has had experience in freeboard work. 


Coming now to the 1906 Rules which are the only regulations with which I personally have had any 
practical experience, I think the best thing to say about them is that simplicity is certainly not their 
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key-note. In this indeed they are akin to existing tonnage regulations. I think the most difficult 
problem having in view the relation between the standard of strength of the 1906 Rules and that of 
modern ship construction for anyone doing freeboard work under the present regulations is to deal with 
the vessel of intermediate draught or scantlings, such as those which came between Tables A and B and 
A and C. 


Then there are the “kinks” in the allowances for erections such as occur for example at 80 and 
85 per cent. in para, 11 vessels, at 50 and 60 per cent. in para. 12 vessels, and at 40 per cent. covered 
in para. 13 vessels and elsewhere. 


Again we can think of that delightful case which one occasionally meets which comes between 
paras. 11 and 14 and was a regular “ pons asinorum.” 


It is a matter for congratulation that the 1916 Load Line Committee has succeeded in straightening 
out these irregularities in the existing regulations. 


With regard to the revision of 1906 dealt with by the author more than one amusing story could be 
told. One I have heard happened in a district which had and probably still has a reputation for over- 
loading. A captain who had broken the older regulation more than once steamed merrily out of harbour 
with his new marks which allowed several inches more draught and shouted derisively to the Board of 
Trade Surveyor, whose zeal he had felt, to “stop his ship now.” 


I should like to ask with reference to the author’s statement on page 26 re additional freeboard for 
complete superstructure vessels what need there is for this in view of the complete ’tween deck height out 
of water in such a vessel. 


In my opinion it is unfortunate that the regulation of the 1916 Load Line Committee with regard 
to closing appliances in bulkheads of superstructures is, as indicated by author on page 27, proposed to be 
brought back to the present illogical position, which does not properly differentiate between weatherboards 
and iron or steel doors in the way it should. The 1916 Load Line Regulations are a distinct advance in 
this respect. In this connection, however, I would venture to suggest that the value of appliances for 
closing openings in the more or less sheltered tonnage bulkheads in shelter deck vessels should be assessed 
differently from those at the exposed ends of deck superstructures. 


With regard to Fig. 2, I would like to ask the author whether the difference there shown between 
the 1906 and 1916 Load Line Committee curves would not be considerably less if the sheers assumed 


had been more nearly those actually found in vessels instead of the — +10 standard. 


It would appear that the 1916 Load Line Regulations increased the freeboards of small vessels in 
greater proportion than in larger vessels. I should like to ask the author if it would not be practicable 
to permit vessels engaged in the home trade to load deeper than permitted by the new regulations 
which are of universal application. 


The knowledge of the history of a subject isa most valuable adjunct to the better understanding of 
current history; and, in conclusion, I would again thank the author for this paper, the production of 
which must have entailed a great amount of research. 


Mr. 8. TowNsHEND. 
© 
The Staff Association is most fortunate in having this unique paper in its transactions. It is the 
first time that the various freeboard regulations have been collected together and compared, and their 
presentation in such a compact form makes the paper of lasting importance to those who are interested in 
freeboard. It will be regarded as a standard work of reference, and the author deserves our hearty 
congratulations and thanks. 


It is recognised that the modern merchant ship is the outcome of loug experience, and its design is 
intimately associated with deadweight, tonnage and draught. Hence any material change in the freeboard 
regulations resulting in an alteration to the world’s ship-carrying capacity, no matter how strongly it can 
be justified logically, will meet with serious opposition from either shipowners, shipbuilders or the 
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representatives of the crews. These factors have always exercised a restraint upon the framers and 
revisers of freeboard regulations and made it difficult to place freeboard ussignment on a purely 
scientific basis. 

As a history the paper admits of little criticism, but I should like to refer briefly to the lines along 
which the basic freeboard curves have been developed and to indicate where anomalies appear to exist. 


Referring to the author’s Fig. 2 (page 28), it is observed that the various curves of flush deck 
freeboards are similar in character up to about 22 feet moulded depth, but for deeper vessels the character 
varies. In the Martell 1874 curve the proportion of freeboard to depth increases rapidly as depth 
increases, To extend this curve to include very deep vessels is obviously impracticable, but at that time 
it merited adoption, because for structural limitations large vessels could not be made strong enough. 
With the introduction of and progress in iron shipbuilding this restriction was removed, and Martell’s 
1882 curve seems to indicate that the error in the trend of the earlier curve was appreciated, and a curve 
more in accordance with theory was proposed. This curve was not however adopted, and the 1886 
curve was a compromise. Later regulations up to and including the 1916 proposals show an increasing 
tendency to reduce the ratio of freeboard to depth as size increases. 

The question now arises : Do the 1916 Load Line Committee's proposed freeboard regulations solve 
the problem of freeboard assignment, and can the tables be readily extended to include the very large 
ship? I do not think so. 

The 1916 curve of flush deck freeboards is shown on the accompanying diagram, Curve A. Fig. 1. 
It is significant that a line drawn from zero will forma tangent to this curve at the 50 feet depth, and 
prompts one to ask whether the intention was to continue the curve in a straight line along the tangent or 
to bend it upwards, 


An analysis of the curve is shown in the diagram by Curve C, which gives the ratio of freeboard to 
depth. The character of the curve changes suddenly at the lower end, whilst the remainder of the curve 
is nearly straight, and the principle followed is “the smaller the ship the deeper can she load.” This 
does not appear to be right, and any attempt to extend the curve will accentuate its peculiar character. 


Tt seems reasonable to assume that for very small ships there is a constant minimum freeboard below 
which it would be unsafe to go, and for very large ships there is a constant maximum freeboard above 
which it is unnecessary to go. Between these two limits the curve of freeboards might gradually trend 
from the one to the other, and as the average depth of a ship due to sheer and round of beam is greater 
than the freeboard depth amidships, it is considered that the average slope of the curve for ships less than 
600 feet long might pass through a point above zero. 


If this reasoning be accepted, the character of the flush deck freeboard curve would then be as shown 
by Curve A dotted lines on the diagram. The freeboards of small flush deck ships would be increased, 
and the freeboards of large ships would be reduced. The ratio of freeboard to depth would be as shown 
by curve C dotted lines, which eliminates the apparent anomalies in the 1916 curve. Moreover the curves 
can easily be extended to cover ships of greater depth than 50 feet. 

It might be asked—Why is there any necessity to increase the freeboards of small ships if they have 
proved sufficient in practice ? I think the answer is that small ships are generally confined in their 
service and trade to short journeys, and that relatively few of them are ocean-going. The proposed 
increase in the freeboards of small ocean-going ships is justified, and a reduction could be allowed when 
the ships are engaged on a limited service. 

The irregularity arising from the 1916 flush deck curve, when associated with the length-depth 
correction, is illustrated by Curve E, which shows the change in freeboard (in inches) per foot change of 
depth. The change is about one inch in the very small ship, 2} inches in ships 80 feet deep, and 
about one inch in the large ship. These figures are difficult to understand. Why should a change 
of depth have the greatest effect on the freeboards of ships about 350 feet long? It is thought that the 
effect on freeboard might be a constant one, but if for practical considerations the freeboards in very small 
and very large ships are to be constant, then tue change in freeboard per foot change in depth should 
tend to zero as depth becomes very small and very great. 

It is suggested that a constant length-depth correction of 14 inches per 10 feet change of length up 
to 60 feet depth could be adopted, and the correction could be gradually reduced to zero at about 100 feet 
depth, Curve E would then be as shown by dotted lines, 
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Standard sheer is dependent on the height of platform forward. Average practice has been to give 
to ships sheers 50 per cent. in excess of the present standard (which is admittedly low), but the 
1916 proposals increase the standard sheer considerably. For instance in a flush deck ship 100 feet long, 
the sheer at the stem would be 80 inches under the 1916 proposals, and 27 inches under existing rules, 
whilst 45 inches would be good average present practice. 

A formula in use gives the height of platform at the stem as ‘04 length of ship + 4 feet, and it 
appears the 1916 standard sheers and freeboards have been arranged to give this height of platform. It 
is understood that the formula ‘041.4 4 is held to be correct only for ships about 400 feet long. Small 
flush deck sea-going ships with a height of platform much less than -04L.4+4 feet have proved quite 
seaworthy, whilst in very large ships a certain height of platform would be reached which need not be 
exceeded with any further increase in length. Therefore it does not appear reasonable that the height of 
platform should vary as a constant ratio of the length. 

It is suggested that the height of platform could reasonably be about -04L.+14 feet for ships 100 
feet long, ‘0444 feet for ships 400 feet long to say 700 feet long, and -04L plus a gradually diminishing 
constant, for ships having greater length than 700 feet. 


A curve passing nearly through these spots would satisfy an equation of the form :— 


op (1215 —L)3 
H=42°5 — 000 
where H=Height of platform forward, in feet, 
and L=Length of ship, in feet. 
The mean sheers required to give this height of platform when associated with the proposed 
freeboards are indicated in the following table. The L.L.C. 1916 and the present standard mean sheers 
are also given for comparison. 


Length Present Standard L.L.C. 1916 Proposed 

in feet. Mean Sheer. Mean Sheer. Mean Sheer. 
100 6°67 inches 20 inches 104 inches 
200 10°0 ” 3 19 S 
300 1333593, CART 26 “ 
400 LEY tea BB: ry; 32 
500 20°0 - SD iis 37 ” 
600 23°33, a0nin + 41 ” 


As regards complete superstructure ships, it is noticed that the 1916 allowance is 40 inches for all 
ships over 300 feet long, yet the standard height is 18 inches more in the 850 foot ship than in the 300 
foot ship, and there is no definite relation between standard height and allowance. The irregularity 
arising therefrom is indicated by Curve D, which shows the ratio of freeboard to depth, both being 
measured to the superstructure deck. 

Within reasonable limits variations in sheer, round of beam and reserve buoyancy have no effect on 
the freeboards of complete superstructure ships, and therefore the ratio of freeboard to depth might be 
constant. 

On purely theoretical grounds the standard height of the superstructure should either be a constant 
or have a gradually increasing value as size increases. In practice, heights of 7 feet to 8 feet are often 
desired in small ships as well as large ships. If the standard height be taken as 2 feet 6 inches for ships 
6 feet deep, gradually increasing to 7 feet for ships 18 feet deep and above, and the allowance for a 
complete superstructure be 50 per cent. of the standard height, the freeboards for complete superstructure 
ships would be as shown by Curve B dotted lines in the diagram. The ratio Curve D would become a 
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constant at *295 for all ships less than 50 feet deep, a result which is rather surprising but which seems 
quite reasonable for the upper limit for detached superstructures. 

I suggest to the author that Curves C, D and E in the diagram show clearly that the problem of 
freeboard is not yet solved, and that the anomalies in the present regulations, though very much reduced 
by the 1916 proposals, have not been eliminated. 

[ suggest, further, that the problem of freeboard assignment can be solved on the lines I have 
indicated, and I should be very glad to have the author’s views on these proposals. 


Mr. G. R. Encar. 


Mr. Watt’s paper is one which fills a place, often blank, in the understanding of freeboard matters, 
draught, and all that hangs thereto. It is doubtful whether there is any part of Naval Architecture, unless 
it be tonnage matters, which is so hedged round by a multitude of detailed regulations, as is freeboard— 
so much so in fact that in many respects the true state of affairs is well-nigh hidden. ‘Thus, a paper like 
this giving an explanatory record of development in chronological order, sheds a flood of light on 
operating causes and makes their effect and resulting trend clear and appreciable. Satisfaction would, 
however, have been a good deal stronger had the author been able to chronicle in his closing pages the 
adoption of the New Freeboard Regulations, and it is to be hoped he will ultimately be able to do so 
before they, in their turn, are rendered obsolete by the march of events. 

[am glad Mr. Watt has drawn attention to the prominent position occupied by Lloyd’s Register in 
the Merchant Shipping Act of 1890 in that the Board of ‘lrade were required to appoint the Society to 
assign freeboards, in contrast to any other corporation or association who might later be empowered. 
This is not generally appreciated—even within the Society—and it is sometimes inferred that the 
association of Lloyd’s Register with freeboard matters has been of small moment. 

I wonder if the author could give any information as to the basis of the differences arrived at 
between the North Atlantic and Indian Seas freeboards. The assessment of freeboard can be divided 
into two distinct parts, the first the determination of the minimum height of platform for safety and one 
which is suitable for the navigation of the vessel, and the second the ensuring that there is sufficient 
strength in the vessel for the load she has to bear. In the case of a new vessel the strength is made 
suitable, in the case of an existing vessel it operates to limit the draught toa maximum. Now, in the case 
of the North Atlantic and Indian Seas allowances, these amounts are small, two, three, four or five inches, 
and it is difficult to see how such a variation in height of platform can produce any appreciable difference 
in the weatherly qualities of the vessel. Were it a matter of say four feet instead of four inches it might 
effect some benefit. If then it is not height of platform that is sought, could Mr. Watt give some 
indication of how a variation in stress results when floating in the North Atlantic and in the Indian Seas 
insummer? Is there any record of the considerations operating when these allowances were decided 
upon ? 

The recommendations of the Chamber of Shipping (1922) as regards closing appliances make 
disappointing reading. It would seem that measures of expediency have been allowed to affect adversely 
matters of principle, a course which, however productive of ceed bane is hardly justifiable. When the 
step is taken in order not to ran counter to practice ruled by such an out-of-date compilation as the ton- 
nage regulations it renders the matter still more undesirable. Doubtless, however, the Board of Trade 
have sufficient proposed ship legislation under consideration at the present time, without embarking on 
uny more. 

In conclusion I am much indebted to the author for his clear record of an intricate subject. 


Mr. J. Hopeson. 


The author has made the story of the evolution of the freeboard regulations an interesting one. 

There can be little doubt that the present regulations, although built entirely upon an empirical 
basis and in spite of several anomalies and difficulties which they contain, have proved very satisfactory 
and resulted in the preservation of many lives and much property at sea, 
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This result is chiefly due to the great ability of those who studied and solved the many technical 
difficulties presented by the problem of formulating a suitable and universal basis for minimum freeboard, 
and I think it is noteworthy that throughout the period of endeavour to surmount these difficulties, the 
technical men were always ready and often before their day with suitable solutions and proposals, ¢.7., as 
early as 1872 we find that Mitzlaff enunciated principles for the determination of minimum freeboard 
most of which form the basis of the existing and proposed regulations, and a few years later Martell 
produced a sound and finished foundation upon which the present structure has been erected. 


Whilst contemplating the various factors which influenced the development of the present regulations 
it is natural to conjecture how the proposed freeboard rules will be judged by future historians. 


Most Naval Architects, I think, will welcome them on account of their greater simplicity of 
application. 

Some of the proposed modifications to the existing minimum freeboards are appreciable, but how far 
these modifications are justified time alone will prove. 


I might be allowed to mention two examples. Firstly, the proposed increase in freeboards of flush 
deck vessels. The type at present known as the deeply loaded shelter deck vessel comes under this 
heading, and those who have surveyed these vessels and talked with the men who navigate them must 
have concluded that this type is not very comfortable at sea, and very often shows signs of straining in 
the topsides to say nothing of frequent damage to deck fittings. It seems, therefore, that this proposed 
increase is desirable, and interesting to note that the Chamber of Shipping appears to have accepted it. 


The second instance is with regard to the large increase in freeboard proposed for the ordinary 
shelter deck vessel with tonnage opening. In this case I don’t think the proposal is quite so convincing ; 
in the first place, experience does not appear to indicate that these vessels have proved unsafe or 
inefficient for their work at the draughts at which they are now allowed to navigate. 


This amendment seems to be due to an effort to bring sound principle into line with an illogical 
tonnage regulation. 


Tt is proposed to increase the freeboard of these vessels because the means of closing the openings do 
not conform to a certain admittedly efficient standard, also on account of scuppers passing from the 
*tween decks through the sides, but the present type of openings and scuppers are required by a tonnage 
regulation which is largely a result of hasty legislation and which cannot be defended on principle. 


Tonnage is merely intended to be a measure of the vessel’s earning power or capacity to pay, and it 
is difficult to see how the earning capacity of these vessels would be affected if the scuppers went to the 
bilge instead of through the side or if the tonnage openings were more permanently closed. 


It seems, therefore, that instead of impairing the economic efficiency of this type of vessel by such a 
large increase in freeboard, it would be better to amend the tonnage regulations with the object of 
abolishing such illogical requirements (regarding temporary means of closing openings) which do not in 
principle affect the tonnage at all, but do affect the development of the full degree of seaworthiness which 
is aimed at by the new freeboard proposals. 


In conclusion, I should like to add my thanks to Mr. Watt for his second able contribution to our 
transactions, 


Mr. A. G. AKESTER. 


In looking through the very excellent paper before us I am struck by the large number of progressive 
attempts that have been made during the past 100 years to solve this problem of freeboard. 

I am somewhat at a loss, however, to judge just what margin of difference the various methods 
indicated would give if applied to the same size and type of vessel. 

From Fig. 3 on page 28 of the paper it would appear that in the case of flush deck table “ A” 
vessels this difference might amount to 20 or even 80 inches, while the Load Line Committee 1916 
Curve is shown from 7 to 15 inches higher than the 1906 curve. 

Of course this does not mean, necessarily, that the 1916 Load Line requires an additional freeboard 
equal to or anything like that amount. So that in a way the diagram if not exactly misleading appears 
to me at all events a little incomplete, 


9 


It would I think be of great advantage if Mr. Watt could follow through his history as far as 
possible with the actual variation of draught on say one particular and average type of vessel. Otherwise 
with the latitude above referred to, it would certainly appear that Sir Digby Murray had been if any- 
thing too meticulous in varying the freeboards in his tables by such small amounts as quarters of an inch, 

History always makes interesting reading, and in this connection I should like to ask whether there 
was any particular reason for proportioning vessels in the early days on their breadth rather than 
on depth. 

One other point occurs to me, to which I can see no direct reference in the paper and that is the 
effect of wave profile upon freeboard. 

One would have expected that the increase in knowledge of waves, their relative height, buoyancy, 
&e., would have been reflected in some way in freeboard computations. This may have been included 
under variations of percentage reserve buoyancy and must of course have been borne in mind, but I should 
be glad of the author’s comment upon it. 

What I like about the final part of the paper—and for that matter about the remarks of our free- 
board colleagues—is that despite the intricacies—at least shall we say to the uninitiated—that have 
grown up and around this question of freeboard assignment, there is no hankering back on their part to 
the days when freeboards were fixed by mental arithmetic and slide rules were unknown. 

I would add my thanks to those already expressed. 


Mr. B. J. Ivss. 


It appears to me from the history of British Freeboard Regulations which Mr. Watt has placed 
before us that the controlling interest in the early developments in freeboard was that of Underwriters ; 
the old method of the draught being fixed by the owner, which was in vogue at the time of Edward Lloyd, 
being superseded by the method decided upon by the Committee of Lloyd’s in 1830, and later on by the 
Liverpool Underwriters. 

It was only just prior to the Plimsoll agitation that Naval Architects commenced to examine the 
problem, and it is probable by such interest, brought about by the awakening of public opinion, that the 
life factor came into play. 

The same tables brought into force in 1890 have been applied to both cargo and passenger vessels 
until 1916, since when it has been recognised that a greater measure of security is necessary in passenger 
vessels, i.¢., a further differentiation in the application of freeboard has been considered desirable, and the 
life factor has again come into play, having for its ultimate object increased security of life at sea (in 
the shape of passengers) as compared with cargo. It is noted, however, that these regulations are under 
revision at present. 

It is quite obvious, however, from the figures quoted on page 7, under Plimsoll, regarding loss of 
life, that the percentage of loss to tonnage operated has fallen exceedingly, so much so that one is 
constrained to ask whether freeboard at the present day represents precisely the same thing as freeboard 
in 1870, and I am of opinion that freeboard of the present day, so far as cargo vessels are concerned, may 
be defined as one of the factors necessary to determine the commercial value of a vessel, and probably it 
will be such view that many owners will take in regard to any modification in the freeboard regulations 
now in force. 

In itself, freeboard can only be considered an aid in determining the useful work which a vessel can 
perform, and it is intertwined to such an extent with stability, stowage of cargo, and strength of structure, 
that I doubt whether any tables which can be produced will take account of all these factors, and also 
provide for weather conditions prevalent at different periods in certain routes, and for the special 
requirements of different trades. 

From all points of view it appears to me that freeboard is one of the essential conditions of 
navigation, and any vessel which is subjected to lood under wave conditions should have the freeboard 
marked, no matter whether the local laws of a country make it compulsory or not. 

In these times of vessels laid up, it is interesting to note that the effect of the revision of 1906 
brought into being an extra deadweight carrying capacity of 500,000 tons, and it would be interesting if 
Mr. Watt could forecast the probable result of the revision of the tables now proceeding, in this regard. 
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In the nature of things, it is hopeless to consider that any revision of freeboard regulations will 
be final, though I consider that the revision of the freeboard tables now proceeding, with its casting out 
of the old 1885 standard, is a step long overdue, and will tend to the better security of life and property 
at sea. I am, however, not at all sure whether the incorporation of a new standard of strength, of any 
standard of strength in regulations for freeboard, is not an unmixed blessing, and it might have been well 
from the point of view of the classification body assigning freeboards if the standard of strength had not 
been wholly left to such body to determine, power being reserved to the final authority (é.e., the Board of 
Trade) to override any decision come to. 


CORRESPONDENCE. 
Mr. H. A. Gress. 


Mr. Watt has given us a paper which I am sure is of great interest, and we are very much indebted 
to him for the trouble he has taken in giving us such an excellent history of the British Freeboard 
Regulations. 

The paper indicates how simple were the first rules fixing the load draught of a vessel, and how step 
by step the various amendments have resulted in the present tables which, to use Mr. Watt’s words, are 
unnecessarily complicated. We are now again promised in the recommendations of the Load Line 
Committee simplification, and I wonder how long (when the new tables come into force) they will remain 
simple. I think indications of complications are already showing. 

The present Tables no doubt could be simplified, but most of the complications are caused by 
departures from the Standard Vessel, and it seems to me extremely likely that with the progress of Naval 
Architecture, the Load Line Committee’s proposals will lose their simplicity, due to the necessity of 
basa” 4 aim types of vessels not now anticipated, and not included in the Load Line Committee 

roposals. 
: Pot is interesting in reading through this paper to note the principles generally on which the majority 
of the rules were based, and also to note the similarity of the curves as given in Fig. 2 of the paper. 
The curves are very much of the same form and it seems as if slight alterations had been made in these 
curves and the table altered to suit. 

Up to the present the regulations have required that the initial freeboard be based on the form of 
im and a convenient method of ascertaining this by the use of the under deck tonnage has been 
adopted. 

PWhile this has quite a number of disadvantages, it at least gives a fairly close approximation as to 
the form of the vessel, but it does not indicate the relative fineness of the under and above water form. 
It, however, has this great advantage that the under deck tonnage is measured by the Board of Trade 
surveyors with the result that the coefficient of fineness is obtained from figures supplied by an 
independent authority (under Government control). 

In the Load Line Committee’s recommendations the tables are based on a block coefficient at 
a draught equal to 85 per cent. of the freeboard depth, and it seems to me this is complication No.1, as I 
assume, that in a matter of such importance affecting the draught of a vessel, the builder’s figures could 
not be accepted without verification, and the displacement sections will require to be verified at the ship 
or at least on the Scrieve Board. 

I have had experience of this in an assignment under the buoyancy method, and I have no hesitation 
in saying that the surveyors will not have their troubles to seek, and will possibly long to return to the 
coefficient based on under deck tonnage. 

The consideration of the losses of Merchant shipping indicate that previous Committees have done 
their work well, and that the freeboards assigned have been quite sufficient to ensure the safety of vessels. 
I note Mr. Watt and the Load Line Committee are also of this opinion. 

Considering the great changes that have taken place in ship design and construction, since freeboard 
became compulsory, I think the members of the various committees are to be congratulated on the results 
of their labours. 

The standard of strength badly required revision, and the proposals of the Load Line Committee are 
a great advance on the present regulations and personal opinion is eliminated, the transyerse and 
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longitudinal strength being on a definite basis. The inadequate standard of 1885 should have been 
revised in 1906, and Mr. Watt will remember that this was proposed but nothing was done. 

I note Mr. Watt states that it is generally agreed that the freeboards of flush deck vessels are 
insufficient, and it is proposed to increase the freeboard of such vessels from seven to thirteen inches when 
the sheer is in accordance with present average practice. 

Fig. 2. of the paper indicates that in a flush deck vessel of 10 feet moulded depth the increase would 
be 11 inches, the present freeboard being 17 inches, an increase of 65 per cent., and a vessel of 14 feet 
moulded depth the increase would be 13 inches, the present freeboard being 26 inches, an increase of 
50 per cent. in the freeboard. Small vessels of this type usually trade in partially smooth water, and if 
such a large increase is necessary, the previous Committee’s judgment must have been far wrong, and the 
immunity from serious disaster of this small type of flush deck vessel is surprising. 

Mr. Watt will remember the discussions that took place during the revision of the Tables in 1906 
regarding the closing of deck erections, and it is interesting to note that it is to be recommended that the 
present regulations regarding closing appliances be retained. 

The paper being historical is non-controversial. 

I have drawn attention to one or two items as they are an entire change in previous practice, and 
are therefore of interest in making freeboard history. 

I have no doubt that Mr. Watt, having duly prepared our minds with this survey of the various 
freeboard regulations, will be following this up with a paper which, I venture to think, will be of even 
greater interest than the present. 

In the near future we, as Surveyors, will have to apply the Load Line Committee’s Tables, and it 
would be of very great interest and of great advantage to the Outport Surveyors if Mr. Watt, who has 
such knowledge of the proposed new Tables and all the information, would give us a paper on the 
application of the new Tables. 


MEETING OF THE NEWCASTLE BRANCH OF LLOYD’S REGISTER STAFF 
ASSOCIATION, 


8th November, 1923. 
Mr. F. R. Noron in the Chair. 


Mr. F. C. Cocks. 


Maritime history has no more interesting pages than those opened to us by the author of this paper. 
Mr. Watt has an extensive knowledge of his subject, as we know to our cost when we get on to the wrong 
paragraph, and we expected a very full and complete account of the attempts made to solve the many 
problems associated with the safe loading of ships. Bunt we did not anticipate that his researches would 
lead him to such a remote period as the Flood. We now know from whence the Scot inherits his 
stolidity of temperament, for surely the Captain of the Ark might have been forgiven if, after 40 days 
and 40 nights of enforced visitation of his mother-in-law, he had jettisoned his surplus cargo as soon as 
his vessel stranded. It may be that he had a share in a life interest on the lady in question. 

The record of the efforts to make freeboard assignment compulsory leads one to the conclusion that 
Messrs. Dilly and Dally were in power even in those days, undisturbed by the “Dary Mam.” But 
Mr. Plimsoll fought valiantly for a very necessary reform, and one which should have commended itself to 
all shipowners. As is usual one is wise after an event, and the concientious shipowners found that their 
fears were groundless, whilst a penalty was imposed on the less scrupulous. 

The late Mr. Martell’s work was undoubtedly the foundation of the whole fabric of freeboard 
computation as we know it at the present time, and although we are promised simplified methods of 
arriving at the solution in the near future, the old Tables will remain a monument to the wisdom and 
industry of Mr. Martell and his colleagues. We don’t know yet all that is in store for us when we come 
to apply the new regulations, but although we are to be spared some of the wrestling with coefficients 
and corrections and sheers and erections we shall miss that thrill which possesses us when we receive a 
provisional assignment and discover that we have guessed it within a quarter of an inch. The opinion 
has been expressed that the freeboard department won’t allow us to guess it nearer than that. 
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We are grateful to the author for this history of the freeboard regulations, for although the 
assignment is nowadays cut and dried, more or less, yet by reading this paper we are able to appreciate the 
necessity for limiting draught and the reason for the allowances given or the penalties imposed. 

We are also proud of the intimate connection of Lloyd’s Register with the institution and framing 
of the regulations, an instance of the spirit of progress which underlies all its activities. 


Mr. G. L. Brown. 


Mr. Watt’s paper is historical and coming from an expert with full access to documents defies 
criticism, but it does provoke reminiscences. When the Committee of 1883 was appointed I, then 
an apprentice, did some work on the matter as the late Mr. Wm. Denny was a member of the Committee 
and kept his drawing office busy investigating and preparing data for the Committee. I remember 
specially that the clause in the instructions to Surveyors requiring vessels of less strength than the 
standard to have such a freeboard that the stress per square inch upon the material of the hull 
amidships should not exceed that of the standard class vessel of same proportions, form and moulded 
depth when loaded to the table freeboards, provoked special investigation and criticism. 

When I first entered the Society’s service I was engaged for a considerable time with two colleagues 
under Mr. G. R. Mares’s direction preparing the Society’s proposals for extending the tables for bigger 
vessels and for modification of the W.N.A. freeboards. At that time we prepared plans of lines of 
vessels and worked out reserve buoyancies for the various dimensions, proportions and freeboards. Then 
as on other occasions the proposals of Lloyd’s Register became the finding of the Committee. 

When I first began work as an apprentice, freeboards were marked on the vessels to the owners’ 
ee usually in conference with the builders, the various conventional methods being considered 
in each case. 

Mr. Watt gives deserved praise to the late Mr. Martell for his work on the intricate problem. 
have several times found people under the impression that the “reserve buoyancy” principle was to be 
placed to his credit but the paper shows that several authorities had previously suggested that principle, 
and that Mr. Rundell in 1870 suggested that proportions of the under deck tonnage should be used in 
estimating reserve buoyancy. 

But to Mr. Martell and his assistant, Mr. Reed, the credit is due for making the reserve buoyancy 
method practical as their proposals were practically those accepted by the Committee and passed into law, 
and which have formed, with modifications and extensions as required, the Load Line Rules of this 
country to the present date. 

Mr. Watt outlines for us the new Rules so long hoped for and now about to come into force. They 
will be welcome. We shall all be glad to administer simplified Rules free from the anomalies that 
disfigure the existing Rules and especially the anomalies involved in dealing with erections. 

At present an erection may be considered perfectly closed for freeboard by methods which still leave 
it as an open space for tonnage. This anomaly is abolished by the new Rules and I think it will be the 
general opinion of the Surveyors that the modifications suggested by the Chamber of Shipping which 
would result in the perpetuation of this anomaly should not be adopted. 


Messrs. Noton, Murdoch, Harbottle and Shallcross made some remarks of a reminiscent nature. 


REPLY BY THE AUTHOR. 


The pleasure which I have derived from the preparation of this paper, the excitement of the search 
through old and musty papers for information bearing on the subject, the thrill experienced on finding 
some new record, and more than all, the warm reception you have given to this “* History of British 
Freeboard Regulations,” more than repay me for the labour involved. So far as I am aware, no attempt 
has been made previously to gather together the threads of this most interesting chapter in the history of 
Naval Architecture, and if there is one source of information to which I am indebted, more than any 
other, it is the records kept by an old Scottish Captain, who, in his younger days, was a victim of the bad 
conditions which roused the righteous indignation of Samuel Plimsoll, 
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The paper, being historical and not critical, does not lend itself directly to criticism, but as I antici- 
pated, the discussion has developed along critical lines, Suggestions have been made by several speakers 
that the paper should be given a wider circulation than that permitted by the transactions of our Staff 
Association, and that a further chapter should be added dealing with the investigations of the Load Line 
Committee which is just completing its deliberations, I anticipate that arrangements will be made for 
complying with the first suggestion, and I shall have pleasure in complying with the second suggestion 
in time to have it incorporated in this session’s transactions, 

Mr. Blocksidge has dealt very ably with the anomalies which exist in the present regulations, and 
with similar anomalies which exist in the regulations regarding tonnage, life-saving appliances, etc. 
These regulations are so far reaching that the anomalies of the one react on all the others, and are so 
hedged in by tradition, and practice, not to speak of international agreement, that reform is well-nigh 
impossible, The question of tonnage is one of the greatest barriers to progress, and we shall look 
forward to Mr. Blocksidge’s paper on this important subject. The Japanese regulations to which he 
refers are based on the recommendations contained in the report of the Load Line Committee which was 
published in 1916, but modifications in the rules for freeboard have been made so as to bring their 
assignments more into line with present British regulations. This was necessary in order to secure 
recognition in other countries, but the transition to International regulations when this desirable reform 
is achieved will be easy. 

Sir Westcott 8. Abell has given us some interesting sidelights on the work of the 1913-16 Load 
Line Committee, 

In view of the evidence given by seamen of all classes and orders as to the suitability of the free- 
boards assigned under the existing regulations, reforms of any magnitude were impossible, even if such 
were considered to be desirable, but they have earned the gratitude of those concerned in the administra- 
tion of the regulations by the simplified method they have evolved. I do not wish to hold out the hope 
so frequently expressed that the labour involved will be reduced—as a matter of fact the ‘conditions of 
assignment ”’ will necessitate much more information being supplied—but as the various corrections are 
no longer interdependent, the computation will be considerably simplified. It has always been a 
difficult matter to assess any penalty for such deficiencies as hatchway supports, freeing ports, or crew 
facilities ; a penalty of one or two inches may be imposed, but such penalty can never truly compensate 
for the deficiencies.” It is, therefore, proposed that assignments be made subject to all the requirements 
being fully complied with, 

The most notable achievement of this Committee is the standard of strength which has been 
established, and its adoption will simplify one of the most difficult problems in freeboard assignment. 

Mr. Ormiston referred to the varying allowances given for partial superstructures under the different 
paragraphs of the present regulations. He might have added a reference to paragraph 13 (a vessel 
having a forecastle and bridge), where the allowance for superstructures covering 99 per cent. of the 
vessel’s length is no more than that given for 50 per cent. 

Mr. Ormiston is quite correct in his statement regarding the difference between the freeboards of 
flush deck steamers under the present regulations and the 1913-16 recommendations, when the higher 
standard of sheer is employed. Owing to the varying standards of sheer in the different regulations, it 
was thought that a comparison with the present standard would be more useful. 

The question of freeboard for home trade vessels will be dealt with later. 

Mr. Edgar has raised the question of the allowances for service in the Winter North Atlantic and 
Indian Seas, and suggests that the difference in draught permitted in these seas should be expressed in 
feet and not inches. Were we merely to compare the roughest weather in the North Atlantic with the 
fine weather in the Indian seas, his view might be correct, but wild weather is not unknown in the 
Indian seas, and in a recent court of inquiry it was suggested that the period ascribed to Indian Summer 
be reduced, and some doubt Was expressed as to whether the vessel when loaded to the Indian Summer 
line was not overloaded. Comparing the roughest weather which may be experienced in all the seas, it 
is questionable if the variation is such as to justify more than the present allowances, and there are 
competent judges who affirm that even the present limited allowances can hardly be justified. 

The question of closing appliances, particularly in shelter deck vessels, which has been raised by 
Mr. Edgar and others will be dealt with later. 

Mr. Hodgson’s testimony regarding his experience (which is backed by officers and seamen) of the 
danger attending the deep loading of flush deck vessels, is supported by all who have had to do with this 
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type of vessel. It is because of the damage which has been reported on many occasions that the 
Committee of Lloyd’s Register now require a forecastle to be fitted in all vessels which are loaded beyond 
the tabular freeboard required by the regulations for a superstructure vessel. 

Mr. Akester has referred to the diagrams showing the tabular freeboards for full scantling and 
superstructure vessels. These diagrams are merely intended to show the general trend of idea as to what 
is a suitable freeboard for standard types, but they are correct for vessels having a sheer in accordance 
with the present (1906) standard. A further comparison on the lines indicated by Mr. Akester may be 
made in the appendix dealing with the work of the Committee which is now sitting. 

The practice of expressing the proportions of the vessel in length-breadth ratios, in the early 
proposals, was due entirely to the fact that there was little variation either in dimensions or form in the 
vessels trading at that time. 

The relation between wave profile and height of platform was investigated very fully by Sir W. A. 
Abell during the sittings of the 1913-16 Committee, and the effect of these investigations is clearly 
shown in the recommendations of that Committee, for the standard sheer forward has, in some instances, 
been increased 100 per cent. 

It must be clearly understood that any relation of wave profile to height of platform can only be 
comparative—waves do not adjust themselves to the length of any vessel—and the practice of assuming 
that the length of a wave is equal to the length of a vessel, particularly in strength calculations, is surely 
obsolete. The incorrectness of the results of such an assumption is recognised, for the permissible stress 
value increases with the length of the vessel. 

Mr. Ives has dealt very ably with the questions of commercial and life values as expressed in the 
freeboard regulations of different dates, and broadly speaking his conclusions may be accepted. Com- 
mercial considerations have hampered the development of a scientific solution of the problem, and will 
probably continue to hamper it in the future as in the past. It must not be forgotten, however, that 
these values are so closely related that the safety of the vessel (commercial) means the safety of the crew 
(life). The freeboard regulations in so far as they apply to cargo vessels deal only with an intact 
structure, and are therefore independent of subdivision. As the holds are generally full when the vessel 
is loaded, the permeability is small, and the time which the vessel may remain afloat after collision will 
probably compare favourably with that of the subdivided passenger vessel with its greater permeability. 

I am afraid I cannot agree with Mr. Ives in regard to the question of standard strength, and as he 
admits that power should be reserved to the final authority (é.e., the Board of Trade) to override any 
decision of the assigning body, it follows that the final authority must have a definite standard, and 
surely it is more practical that all parties concerned should know and adopt that standard from the 
beginning of the design. 

I do not suggest that the proposed standard is perfect. In some respects I think it is excessive. 
Further, vessels engaged in a limited service at a restricted draught might have a considerable reduction 
in scantling without impairing the efficiency of the structure. 

But I do consider that some definite standard is necessary if equitable treatment is to be meted out by 
all bodies to all parties. 

I am very pleased to have Mr. Gibbs’s remarks, for we were associated together on the investigations 
preceding the 1906 revision, and I have a vivid recollection of the work done with the Register Book and 
ruler. Our proposals regarding closing appliances in the end bulkheads of superstructures were not 
accepted, A similar fate befel proposals for a standard of strength, and the old standard of 1885 was 
retained. It is some satisfaction to know that an up-to-date standard will shortly be adopted. 


I do not quite share Mr. Gibbs's fears regarding the adaptability of the proposed regulations to new 
types. The difficulty with the old regulations is that different treatment is meted out to every type, 
whereas under the proposed regulations uniform treatment will be accorded. Further, the difficulty 
regarding block coefficient in lieu of tonnage coefficient will, I think, be surmounted without the 
necessity for measurement at the scrive board or vessel. 

With regard to the increase in the freeboard of flush deck vessels, it is hardly fair to express this as 
a percentage increase in freeboard ; it should rather be expressed as a percentage reduction in draught, 
and wonld then be about 10 per cent. The question of the freeboard for small vessels will be dealt with 
later. 
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Mr. Brown’s reminiscences are interesting, particularly bis remarks regarding the question of stress 
in relation to draught in the early regulations. This ideal was not always practised for vessels classed 
QQA, although only 95 per cent. of the full-scantling standard were in some cases entitled to more than 
99 per cent. of the maximum draught. 

Mr. Cocks refers to the captain of the Ark, but gives away his case and misses the point of the 
story, which is that although everything which had any “ life interest” had been lost in the Flood, he 
still cherished a real love for his mother-in-law. 

I have left Mr. Townshend’s contribution to the last, not because it is of least importance, bub 
because he deals with the problem of freeboard from a constructive rather than from an historical 
standpoint. ‘That he is well qualified to do as he has carried out a large part of the investigation work 
in connection with the present Load Line Committee. His contribution might, in fact, have formed the 
basis of a fresh paper for our Association. 

The question underlying his remarks is one which is raised as often as new freeboard regulations are 
introduced—has the freeboard problem been solved at last ? Mr. Townshend’s answer is NO, and he 
proceeds to give reasons for his answer and to suggest a solution, or at least the basis of a solution. 
With the broad lines of his argument, I am in entire accord, and will say further, that every member of 
the present Load Line Committee and every individual who has studied the problem realises the fact. 
The original freeboard tables were based on average current practice, and were thus political rather than 
scientific—and the political still dominates the scientific. Every individual fleet has been built up on 
this political basis, and reform is well-nigh impossible, for any vital increase in freeboard would be 
opposed by owners, while any reduction in freeboard would be opposed by the organisations of the 
seafaring community. It would appear, therefore, that until these conflicting interests can be got 
together in a genuine spirit of compromise, the preblem will not be solved. That, however, is no 
justification for neglect, and if a more scientific solution can be evolved, future modifications will 
be influenced thereby, and a final solution brought appreciably nearer. Mr. Townshend suggests a 
minimum freeboard limit for small vessels, and a maximum freeboard limit for large vessels, and places 
the latter at a freeboard depth cf 100 feet. I think this upper limit could be considerably reduced. 

Approaching the question from a different standpoint, Fig. 2 indicates the tabular freeboard for 
flush deck vessels of standard proportions, the allowance for complete superstructures, and the freeboards 
if the superstructure vessels be built to full scantling standard in accordance with the 1913-16 ) 
recommendations. Curves of reserve buoyancy are given, and also a curve indicating the minimum \i 
freeboards which would be assigned if the minimum angle of heel with the deck edge awash was fixed at 
10 degrees. The resulting freeboards are indicated in dotted lines, and it will be observed that these 
will result in a very appreciable increase in the freeboards of small vessels. 

It may be argued that small vessels have proved satisfactory with the existing freeboards ; that being 
engaged in costal service, they are not exposed to ocean storms ; but it must be remembered that the 
freeboard regulations are framed for * ocean-going ” vessels. The argument is really one for a limited \ 
coasting freeboard, and this question must be faced sooner or later. ) 

With regard to the allowance for complete superstructures (I prefer to call it the upper limit for | 
detached superstructures) the determining factor is really the scuppers and other openings which are 
required to be fitted in the vessel’s sides in order to secure tonnage exemption. Close these openings and 
the question of superstructure limit does not arise, In view of the above, the allowance cannot be 
related to the depth measured to the superstructure deck, but must be limited in extent no matter what 
the height of the superstructure may be. As far as partial superstructures are concerned, it is sometimes 
stated that water never breaks in large volame on the decks, that in fact the decks are practically dry. | 
If, therefore, a bridge house is not required for protection and it is not a buoyant structure, it would i 
appear that, in their opinion, no allowance should be given for sach a superstructure. An interesting 
light is thrown on this point in the letter which appears at the end of this reply to the discussion. 

The length-depth ratio is one which has never been fully investigated, and this problem will require 
to be faced in the future. Certainly, Mr. ownshend’s diagram shows, the proposed allowance, like those 
which have gone before, is illogical, and his alternative proposal is, to say the least of it, more rational. 
Fuller investigation may show that length has little influence on the freeboard amidships. 

Not the least valuable part of Mr. Townshend’s contribution is that dealing with height of platform 
and standard sheer. On this subject he is on firm ground, and when the present Load Line Committee’s 
report is published, it will, I think, be found that his conclusions have been realised. 
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Several contributors have referred to the question of minimum freeboard in conjunction with tonnage 
exemption. Scientifically the Load Line Committee (1913-16) was perfectly right in its recommendations, 
but I am afraid the political will again dominate the situation, and the present anomaly will continue 
until the tonnage laws are amended. . 

Incidently it may be of interest to note that the question of permitting two or three feet deeper 
loading for closing certain openings, is much older than is generally supposed, for Mr. Martell, replying 
to a question before the Royal Commission on Loss of Life at Sea, in 1885, said “when you fill in that 
portion that forms the well with a continuous deck, making the erection continuous, the great idea is that 
that ship may be loaded two or three feet further down in the water.” 

In conclusion, let me append an abstract from a letter written by James Scott from Dundee on 
7th April, 1873, which came to my notice after our meeting :— 


I do not very much like the proposed rules for freeside that are to be introduced. They don’t 
take the right way with these things as how can they when they have never been to sea. My idea 
is that for a ship without any forecastles or bridges the freeside should be three tenths of the total 
displacement to the deck but this should also be governed by the condition that a ship should be 
able to heel over to 15 degrees without the waterway planks being under the water. When a good 
forecastle is fitted, I would allow 3 inches off the freeside and 14 or 2 inches for a good poop. If 
there was a bridge house in the amidships I would only give an allowance when the ends were 
quite tight, and then I would add the displacement of the bridge to the total of the hull and allow 
three-tenths for my freeside, but I would not give anything for any part of the bridge above the 
lowest hatch combing, as the water would flow over the combing into the hold of the ship before 
the buoyancy of the ship was any good. 

The cock-up of the deck should be 2 feet at the bow and 15 inches at the stern for every 100 
feet in the length of the ship, and the steersman’s place should be high enough that he can see a 
boat in the water three times the ship’s length in front. If boats were built to my ideas Samuel 
Plimsoll would be satisfied. 


I have not been able to trace anything about the writer of this letter, but it contains the nucleus of 
a solution of the problem. 

The illustration entitled “ Plimsoll Ships” is from the cartoon painted by Wilson. It was used by 
Plimsoll during his agitation, and was originally entitled ‘“ Overloaded,” but afterwards it became known 
as “ Plimsoll Ships.” The original cartoon was destroyed by fire about 30 years ago, and the illustration 
has been reproduced from what is believed to be the only existing photograph. 


FREEBOARD DECK 


LL.C. 1916 FREEBOARDS 
Lest COEFFICIENT 
| L+D=12 | 


1916 TABLES as RuBLisHeo. 
= CHARACTER oF SugcesTeD CuRvES 


Fu 


iN FREEBOARD peg Foot CHANGE oF Delp 


SCALE oF FREEBOARD IN INCHES 


40 50 
FREEBOARC DEPTH IN FEET 


Fira. 1. 


a 


“150 


“100 


‘ITS. 


Scate or RATIOS 


100 


ali T T E T 
Saal ee oe eS ee ee a, | SUPERSTRUCTURE DEGK_ 


nn rn sae a ae ae 


TABULAR FRE&EBOA ROS. + 


YPPER L/M/T| FOR 
fea ey SYPERSTRUCTURES 


= |7aBULAR FREEBOARDS FoR 
DEPTH| = Je [+ VS 


Be TS nic hee, 
wo ites > eee 


~S —~] 


T 


300 | 360 420 | 480 can 


LENGTH IN FEET. 
Fig. 2. 


4 
pot 
dices 


/60__ | 60 all 420 /BO | 


wf ace 7; 
; ia 


) 
PLIMSOLL SHIPS 


ee? 


HEAT TREATMENT OF STEEL. 


BY 


GEO. PATCHIN, A.R.S.M., M.I.M.M. 


READ 22ND NOVEMBER, 1923. 


The metallurgist and the engineer are indebted to each other in such large measure that it may be 
confidently asserted that without the assistance of the one the other would not have made the progress 
necessary to meet the requirements of the age. The metallurgy and engineering industries are not 
independent, they are interdependent, and many instances could be quoted in support of this statement. 
The equipment of a modern steel works, for example, must be credited to the engineer, but it is also true 
that modern metallurgy has provided those classes of steel which have made it possible to construct the 
high-power aero-engine and motor car. The fact that a metallurgist has been invited to contribute a 
paper to an association of highly-trained engineers is good evidence that the bond between the two 
professions is growing stronger, and that an interchange of experience is a practical method of 
maintaining the “ entente cordiale.” 


To an engineer the mechanical properties of a metal or alloy are of primary importance, but 
inasmuch as heat treatment will modify these properties it is almost, if not altogether, as important. 


Heat treatment may be defined as a process of heating a metal or alloy to specified temperatures 
and cooling it at particular rates. It will be noted that this definition includes operations such as 
case hardening, for which specific terms are employed, but in order to keep this contribution within 
reasonable limits of space it is proposed to deal now only with those phases of the subject which are 
generally described by the term heat treatment. 


In heat treating steel the objective varies according to the work to be done or already done on the 
metal andjor the services required of it. Rolling, forging, cold working, &., set up what are called 
internal stresses, and as these constitute a source of danger they must be removed. Steel which is to be 
machined. must be sufficiently soft to respond to the action of the tool, otherwise the machining 
operation will be slow and unsatisfactory. As far as the engineering industry is concerned, in the 
majority of cases the steel employed must resist successfully fairly large stresses, including tensile, 
compressive, torsional and bending stresses, and may, in addition, have to resist wear. 


The aim in the heat treatment of steel may therefore be to restore the metal to the normal 
condition by the removal of the strains imparted by stresses during working, or to increase its softness 
so that it may be machined with the greatest ease, or to make it sufficiently strong to successfully resist 
the stresses which will be placed upon it when in service, or to make it sufficiently hard that it may 
resist wear or perform the function of cutting. 


Without doubt, the most important of these items is that of strength, and in this connection the 


? 
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value of heat treatment lies in the fact that by correct acer it is possible to modify one or more 
of the mechanical properties without materially altering the remainder. 


The principal objects as set out above, and the operations by which these may be obtained, may be 
tabulated thus :— 


Object. | Operation, 
Hardening. Hardening. 
Softening. Annealing. 
Strengthening. Tempering preceded by Hardening. 
é Normalising. 
Removing stresses or the effect Normalising or Annealing. 
thereof. 
Restoring the normal structure. Normalising. 


Recent definitions of these operations are as follows :— 


Hardening means heating a steel to a temperature exceeding its upper critical range by not more 
than 50° C. and cooling more or less rapidly by the use of a suitable medium. 


Annealing means re-heating followed by slow cooling. Its purposes may be :— 


(a) To remove internal stresses or to induce softness, in which case the maximum tem- 
perature may be arbitarily chosen. 


() To refine the crystalline structure in addition to the above (a) in which case the 
temperature used must exceed the upper critical range*, as in hardening. 


Tempering means heating a steel (however previously hardened) to a temperature below its carbon 
change point,* with the object of reducing the hardness or increasing the toughness to a greater or less 


degree. 


Normalising means heating a steel (however previously treated) to a temperature exceeding its 
upper critical range and allowing it to cool freely in the air. The temperature shall be maintained for 
about 15 minutes and shall not exceed the upper limit of the critical range by more than 50° C. 


These operations all-involve heating and cooling of the steel, and whilst the former may be carried 
out in any suitable manner, satisfactory results can only be ensured by definite scientific control and the 
use of accurate temperature measurement. Naked flames and smiths’ fires have been and will be used 
but they cannot be recommended, as everything depends on that variable factor known as the judgment 
of the-workman. ~ Properly equipped atmospheric furnaces heated by solid, liquid or gaseous fuels or by. 
electric means-and equipped with pyrometers for measuring temperature, largely eliminate the personal 
factor and make it possible to obtain correct heat treatment with much more certainty. These furnaces 
are often-of the antftte EYP in which the temperature is raised mainly by heat radiated from the muffle 
walls, but in many instances the muffle is absent and then the work is heated by radiation from the walls 
and-by contact with highly heated gases. Mention, however, must be made of the method of heating by 
immersion in a mixture of fused salts which is maintained at the correct temperature. The advantages 
of the latter method, especially as regards tools and parts of moderate dimensions, are, firstly, accurate 
control of the tests on account of the pyrometer being in the liquid and therefore at the same temperature 
as the work, secondly, a more rapid and uniform heating without the liability to local overheating and, 
thirdly, the avoidance of oxidation which results in scaling and surface decarburisation. 


* Reference is made on page 7 to the meaning of these terms. 


Cooling may be accomplished by the use of air or a liquid, the particular medium employed being 
determined by the rate of cooling desired. 


The principal factors which determine the results of heat treatment are :— 


1, The composition of the steel. 
2. The temperature from which it is cooled. 
3. The rate of cooling. 
4, The temperature to which it is re-heated after cooling. 
Whilst the chemical composition of steel may be deemed of secondary importance to the engineer, 
yet it must be recognised that the properties of the metal are influenced by the elements present with the 


iron, Carbon and Manganese are present in all plain or straight carbon steels, and the alloy steels contain 
in addition one or more of the elements Nickel, Chromium, Vanadium and Tungsten. 


The general influence of carbon in steel when in the normal condition is to increase the ultimate 
strength and diminish the ductility, and this is clearly seen in Fig. 1 in which the full lines represent the 
results obtained from straight carbon steels which do not contain more than 0*1 per cent. manganese. 
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For each addition of 0.1 per cent, carbon there is an average increase in strength of 4 tons per 
square inch and a decrease of 3 to 4 per cent. elongation. 


The same figure shows the effect of 0°8 per cent. manganese on the mechanical cee aes of carbon 
steels, and an examination of the dotted lines reveals that this addition has raised the ultimate strength 
by 12 tons and lowered the elongation by about 5 per cent. irrespective of the carbon content, 
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Further, the mechanical properties of heat-treated steel are also correlated and the variations brought 
about thereby in hardened steel are well illustrated in Fig. 2, which is from data given by Wahlberg.* 
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Hardness tests on other samples of steel equally show that a definite relationship exists between 
carbon content and hardness, as will be seen from the following table :— 


Carbon |  Brinell Hardness Number of steel Brinell Hardness Number of 
per cent. as quenched in water at 20°C. steel as annealed. 

0°10 150 100 

0°20 200 110 

0°25 300 135 

0°35 400 150 

0°45 550 200 

0°65 650 225 

0°80 650 220 

0°90 620 260 

1°25 620 265 


The introduction of alloy steels—that is, steels containing nickel, chromium, vanadium—has 
provided the engineer with material that will more satisfactorily meet modern demands. These steels 


* Journal of Iron & Steel Institute, 1901. 
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can be heat treated without difficulty and will give a range, as regards ultimate strength, of 40 to 100 
tons per square inch according to their composition and the treatment to which they have been subjected. 
With reference to cost, these steels do not compare favourably with the straight carbon steels, but as 
regards ductility, toughness and resistance to shock they are much superior to the simpler class of steels, 
especially those which have a moderately high tensile strength. ; 

The temperatures to which it is necessary to heat steel for hardening are highly important as is 
clearly stated in the definitions on page 2, and confirmation may be found from Fig. 3 which gives the 
maximum hardness after quenching from temperatures ranging ebbees 600° and 1000° C., and has been 
taken from the Shore Scleroscope Book. 


rN 


& 


Per cent carbon in steel 


Scleroseope hardness after quenching. 


Quenching temperature, C/ 
Fig. 3. 


It is evident that the useful temperature range is very narrow, hence, as stated previously, the need 
for satisfactory pyrometric control. 

Dealing: now with the rate of cooling, the following table will serve to indicate the reason for 
employing different cooling- media :— oe Wee 


oe Medium. = fate j Raté of Cooling. 
Air in furnace Ae rs PE ... | Extremely slow. 
Air at atmospheric temperature... «| Very slow. 
Molten lead ... ais Ke 5¥ .. | Slow. 
sien per aa ~e ax nt ... | Moderate. 
Water oe a. “ir AS ... | Rapid. 
- Brine Per nate aoe ps noes thes tha Lah 
Iced brine... Ba ‘ep rr ... | Extremely rapid. 
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Other factors will influence the rate of cooling, and of these mention may be made of the initial 
temperature of the cooling medium, the relative bulk of the medium to that of the work to be cooled 
and the thickness of the steel under treatment. 


For at least 300 years from the early part of the 16th Century more importance was placed on the 
nature of the liquid used for cooling than on the temperature to which the steel was previously heated. 
The idea of varying the liquid was not altogether wrong as shown by the table above, the error lay in 
attributing the ardening property specifically to that which was present in the water. i 


Referring now to the initial temperature of the cooling medium and taking the case of 0°65 per 
cent. carbon steel quenched from 800°C in water of different temperatures, it has been found that the 
effect is not lowered until a temperature of 30° C is reached, after which there is a fairly rapid fall as 
shown in Fig. 4. 
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The temperature to which steel is reheated after cooling is as important as the temperature from 
which it is originally cooled or quenched. It has been demonstrated that rapid cooling, such as results 
from quenching from the correct hardening temperature in cold water, produces hardness which “is 
accompanied by an increase in tensile strength and generally in brittleness, but by a decrease in ductility. 
In this condition the metal is not suitable for most industrial purposes as it is liable to break down under 
suddenly applied stresses. Re-heating the hardened steel, however, modifies the mechanical properties 
and if carried to a sufficiently high temperature it will neutralize completely the effect of the hardening 
operation. By varying the re-heating temperature it is possible to obtain a modification of all the 
mechanical properties so that the steel gives the best results under a particular condition of service. 
Fig. 5 shows the mechanical properties of a typical steel containing approximately 0°45 per cent. carbon 
after quenching in water from 850° C and re-heating to temperatures varying from 300° C to 600° C. 
The effect of re-heating to the lower temperature is to increase the impact resistance without a marked 
alteration in the other mechanical properties, but at higher temperatures all the properties are modified 
in a fairly uniform manner, 


‘ 


In order to comprehend how it is possible to bring about such profound changes in properties by 
means of heat treatment, it will be necessary to consider the thermal relations of iron and steel. In 
heating up a specimen of iron, certain phenomena are observed. At about 780° GC. a marked arrest in 
the temperature rise occurs, which indicates that an absorption of heat is taking place, whilst at 900° C. 
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another unmistakable arrest point is detected. On cooling from a temperature of 1,000°C., a similar 
series of phenomena takes place, but always a few degrees lower than those mentioned above. Between 
900° C. and 850° C., a retardation of the rate of cooling is observed, indicating that heat is being given 
out, but after a short interval the cooling resumes its normal rate until 750° C. is reached, when another 
retardation occurs. From this point down to atmospheric temperature cooling is normal. The 
temperatures 780° C. on heating, and 750° C, on cooling, correspond to the temperature region at which 
iron changes from the magnetic to the non-magnetic condition or vice-versa, and the temperatures 
between 900° C, and 850° C. correspond to the remarkable alteration in electrical conductivity which 
has been observed. Whatever transformation may take place at these points, it is evident that the 
magnetic and electrical changes and the corresponding temperatures are correlated. These points are 
designated “critical temperatures,” and by a very large number of metallurgists are looked upon as the 
soints at which allotropic changes occur, whilst others attribute these phenomena to carbides of iron. 

he “allotropists” name the irons asa, Bandy. Up to 780° C., if the allotropic theory is adopted, 
the iron is in the a form, and at this point it changes to 8 and remains thus to 900° C., when it becomes 
y. Some doubt has been cast recently on the existence of 8 iron, but as its existence or non-existence 
does not play a part in the theory of heat treatment, it is not necessary at this stage to enter into a 
discussion of the subject. aand y iron differ in several respects, the most important being in relation 
to carbon, which is generally held to exist in steel as iron carbide which has the formule Fe,C. a iron 
is incapable of taking carbon or iron carbide into solution, whereas y iron can act as a solvent and form 
a solid solution with the carbon or carbon compound. 


The presence of carbon alters the critical temperatures, and in addition causes another absorption of 
heat at about 700° C. on heating and an evolution at 680° C. on cooling. 


In Fig. 6 five cooling curves A, B, C, D and E are shown, of which A represents that obtainable 
from pure iron and B, C, D and E those to be obtained from steels containing respectively 0°22, 0°45, 
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0°67 and 0°9 per cent. of carbon respectively. The critical points are indicated by small letters “a,” 
“b,” ....“m,” and it will be noted that in the case of pure iron these occur at 900° C. and 730° ©. In 
steels containing between 0 and 0-4 per cent. of carbon three critical points are obtained, an upper point 
between 900° and 740° C. where the y change occurs, a central point at 730° to 740° C. which corres- 
ponds with the change from £ to a iron and a new point at 690° to 700° C. which is practically constant 
for all plain carbon steels irrespective of the carbon content. These points are marked in the dingo as 
ates wh and “e” respectively. Two points only are observable in steels containing 0°45 to 0°8 per 
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cent. carbon, namely the upper (f,h) and the lower point (g,k); in other words the B phase has 
disappeared. When steel contains 0°89 per cent. carbon only one temperature arrest takes place, this 
single point occurring at 690° C. (m). : 

The time period of the third arrest also varies with the carbon content and in the case of the 0°9 
per cent. carbon steel it is represented by the horizontal distance Gm. By drawing the curves through 
the critical temperatures obtained, a diagram can be produced similar to that shown by the lines KLG, 
FGH, bdL, etc., in the figure, and this diagram represents a portion of the equilibrium diagram for the 
iron carbon binary alloy. 
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At temperatures above the line KLG and with a carbon content up to 0°9 per cent., the alloys will 
be a solid solution of carbon or carbide and y iron, whereas from temperatures below KLG and down to 
FG or 690° C. the same series will consist of two constituents, namely, 8 or a iron and y solid solution. 
The separation is completed when 690° C. is reached, and at this point the two constituents are a iron 
and iron carbide. Three concrete examples may help towards a clearer conception of the case. 


At a temperature of 900° C., a 0°25 per cent. carbon steel is in the condition of a solid solution and 
remains thus on cooling until a temperature of 825° C. is reached, at which point pure iron commences 
to separate and continues to separate until the temperature becomes 690° C. The separation of iron in 
this temperature range results in a concentration of carbon in the remaining solid solution, which at the 
lower temperature mentioned completely separates into its components and becomes u definite mixture of 
iron and iron carbide. 


When steel with 0°6 per cent. carbon is similarly treated it remains as a solid solution until it cools 
to 740° C., after which and down to 690° C. there is the regular separation of iron from the y solid 
solution accompanied by the corresponding carbon concentration, and finally a mixture is formed as in the 
case quoted above. 


The third case chosen, namely, that of a 0°89 per cent. carbon steel is most interesting inasmuch as 
it remains as a simple solid solution down to 690° C., at which temperature it becomes a mixture of a iron 
and carbide, in agreement with the change that occurs at this temperature in all steels of lower carbon 
content, 


When the percentage of carbon present is greater than 0°9 per cent., it is evident that there is no 
excess of iron to separate from the solid solution, and any constituent which comes ont of solution will be 
carbon or acarbon compound. It has been found that iron carbide separates under these conditions and, 
in the case of a 1°05 per cent. carbon steel at 825° C., separation of carbide from the y solid solution 
commences and is accompanied by a diminution of carbon in the remaining solution. This separation 
and diminution continues until 690° C., at which point the change agrees with that mentioned in 
connection with the previous examples. 


Microscopic examination of steel has made it possible to confirm by visual means the changes that 
occur at various temperatures, but it must be recognised that such examination cannot be made satis- 
factorily at the high temperatures involved and, therefore, has to be carried out almost entirely at 
presi doy temperature. It becomes necessary, therefore, in applying this method, to fix the condition 
of the metal at particular temperatures and retain the condition for at least a time period that will be 
sufficient to allow the structure to be examined. 


Referring again to the change that takes place at 690°C. it will be remembered that reference has 
already been made on page 8 to the variation in the time period of the third arrest which was stated to 
vary with the carbon content, and, although not expressly stated, the explanation set out above gives also 
an explanation of this occurrence. At 690°C. a low carbon steel will contain only a small percentage of 
solid solution which eventually breaks up into the iron, iron-carbide mixture, whereas with steel containing 
0°9 per cent. carbon, there is 100 per cent. of solid solution ready to separate into its components. It 
means, therefore, that the time required for the formation of the mixture varies with the percentage of the 
mixture present and that the change is not instantaneous. It is reasonable to assume that each change 
requires time for its completion, and that, if the temperature is lowered sufficiently rapid, the change will 
be partially, if not wholly, prevented. 


Working along these lines the micro-examination of the condition of steel at high temperatures is 
possible, and the method adopted consists of rapidly cooling the specimen from the temperature region 
under consideration. 


Any steel with less than 0°9 per cent. carbon quenched rapidly from say 50° above the line KLG in 
Fig. 6 should give the solid solution structure, quenched from temperatures between the limits KLG@ 
and FegG should give the structure produced by iron plus the solid solution from which it has separated, 
and from any temperature between 690°C. (represented by FegG) and atmospheric temperature should 
show the constituents iron plus the microscopic conglomerate of iron and carbide of iron. 
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It is difficult to cool a carbon steel with sufficient rapidity to preserve the structure of y solid 
solution, but by using high carbon steel containing manganese and quenching in a liquid which will 
rapidly conduct away the heat it has been found possible to retain the solid solution constituent to which 
has been given the name Austenite. Fig. 11 is a reproduction after Osmond of the appearance of this 
micro-constituent. Martensite, however, is the constituent more commonly found in steel which has 
been quenched in water from a suitable temperature within the y range and the acicular or needle-like 
structure peculiar to Martensite is shown in Fig. 18. The exact nature of this constituent has not been 
determined, but there appears to be some reason for regarding it as a modification of Austenite. The 
micro-constituent known as Pearlite is the definite mixture of iron and iron carbide containing 0°89 
per cent, carbon which forms from solid solution at 690° C., and the microphotographs, Figs. 7 to 9, show 
the proportions of a iron and pearlite in steels containing various percentages of carbon. The light areas 
are a iron or Ferrite and the dark areas are Pearlite. Resolution of the pearlite areas by the use of a 
high power objective shows that it consists of dark and light lamine or, as previously stated, of Ferrite 
and iron carbide in juxtaposition (see Fig. 12), Cementite is the name given to the iron carbide 
constituent which separates from solid solution in the case of steels with above 0°9 per cent. carbon, and 
should therefore be found with pearlite in steels of this carbon range when the same have been cooled to 
below 690°C. The microstructure given in Fig. 10 shows the cementite as a white net-work surrounding 
the dark pearlite areas, 


Troostite and Sorbite are the names given to the constituents which lie between the martensitic 
and pearlitic conditions. The former may be regarded as a first decomposition product of Martensite 
(or Austenite), and the latter as the product of further decomposition which has not reached the 
ultimate stage of Pearlite. These structures are shown in Figs, 14, 15 and 16. 


Sufficient information is now available to make it possible to give a reasonable explanation of heat 
treatment as applied to steel. The conditions required for hardening and for the production of 
Martensite are the same, hence it is inferred that hardening is due to the production of this constitutent, 
the chief properties of which are hardness and extreme brittleness. In annealing, the hardened steel 
is slowly and evenly heated to the required temperature, it is retained at that temperature for a 
considerable time, and finally cooled down slowly and evenly through the range between the upper and 
lower critical temperatures. These conditions agree with those which give the best formation of 
lamellar Pearlite. 


The object of tempering is to modify the effects of hardening without producing the full effects of 
annealing, that is, to retain a relative high degree of hardness and at the same time to produce a 
moderate amount of toughness. The conditions which bring about these results are also those which 
produce Troostite or Sorbite from the unstable Martensite by re-heating the latter to a suitable 
temperature below the carbon change point—say between 200°C. and 650°C. Reference to the 
diagram shows that the normal and, therefore, the stable condition of a carbon steel at ordinary 
temperatures is pearlitic, and from this it will be inferred that hardened steel or Martensite is unstable. 
In general, two factors—namely, time and temperature—influence the rate at which the unstable reverts 
to the stable state, and, therefore, it is possible by means of the tempering operation to control the 
degree of reversion by varying the tempering temperature and the time the steel is maintained at that 
temperature. 


It is impossible in a paper of this description to do more than make a general survey of the 
subject, to enunciate the principles on which the operations are based, and to make some reference to 
practical applications. ; 


Dealing now with the last item it may be mentioned that cracks may develop on hardening and 
also on tempering. In many cases it is possible to explain the origin of these cracks by stresses set ‘up 
on account of the difference in volume between steel in the quenched and in the normal condition. 
It is found that the volume of a piece of steel in the hardened state is always greater than that of the 
metal before treatment, and the reason for this increase in volume is the lower specific gravity of 
Martensite as compared with the constituents of steel in the pearlitic condition. In order to reduce to 
a minimum the liability to crack, the steel should be heated to, and quenched from, a temperature 
slightly above the upper critical range. The relief of the stresses induced by hardening is accompanied 


| 


by contraction, and whilst this relief goes on at atmospheric temperatures it can be expedited by 
tempering at slightly elevated temperatures. 


Another interesting point is the improvement in the mechanical properties of steel castings after the 
metal has been subjected to suitable heat treatment. The conditions for the production of large crystals 
of Austenite (y solid solution) are a high temperature and the absence of work on the metal whilst in 
a heated state, and as these conditions prevail when steel is cast it is to be expected that the structure will 
be coarse after cooling, since the size of erystals after cooling is determined practically by the size of the 
same on cooling through the upper critical temperature. Associated with a coarse structure are low 
yield point and low ductility, but suitable heat treatment will remedy this defect and the operation is 
usually spoken of as annealing. The use of this term in this connection may be due to the fact that 
shrinkage stresses are removed in addition to the refining of the grain. The treatment necessary 
consists of heating uniformly and rapidly to a temperature of 50° C. above the critical temperature, 
allowing the casting to remain long enough at this temperature for the Austenite formed from the 
Pearlite to take up the Ferrite and to cool freely in air. It should be noted that the process as outlined 
agrees with the definition of normalising and not with the definition of annealing. The structure of a 
0°S per cent. carbon steel before and after normalising is shown in Figs. 17 and 18. 


A third example is the heat treatment process as carried out on case hardened parts. Case hardening 
consists in carburising the outer surface of low carbon steels or alloy steels by contact at a temperature 
of 800% to 1000° C, with a carbonaceous material. Carburisation goes on fairly rapidly at the higher 
temperature until the carbon content of the outer layer approaches 0°9 per cent. and sey Bore in depth 
as the time increases. The exposure to the high temperature results in case and core having a coarse 
structure as described above in regard to steel castings and both parts must be refined. As the carbon 
content of the two parts differs from 1:0 to 0°15 per cent. it is evident that the two normalising 
temperatures required for refining are not the same. It so happens that normalising temperature and 
quenching temperature are the same for the same steel, therefore, it is possible to refine the case at 
the same time as it is hardened. The refining of the core, however, must be not only a separate operation 
but be carried out prior to the final hardening of the outer layer. 


The correct procedure in the case of a carbon steel is as follows :—Refine the core by heating to 
900° — 920° C., and cooling rapidly in air or in water, and then harden the case by re-heating to 760° C. 
and quenching in water. 


In conclusion, the author wishes to say that he has not endeavoured to give in this paper much more 
than a skeleton of the subject and he hopes that the members of the association will be aroused to 
sufficient enthusiasm to clothe the skeleton with the flesh which can be obtained from other publications 
and from practical experience. 
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Rie. it: 
Fria. 12. 
AUSTENITE (WHITE) X 250 
after Osmond. PEARLITE X 1000, THE SAME STEED AS 
SHOWN IN Fia. 9. 


Fie. 13. Fie. 14. 


MARTENSITE X 200, 0°89 PER CENT. CARBON, TrRoosTITE xX 200, SAME STEEL AS 
SAME STEEL AS SHOWN IN FIGs. 9 AND 12, SHOWN IN Fia. 13, AFTER TEMPERING 
QUENCHED IN WATER FROM 750 C, AT 400°C. 


Fie. 15. 


SorBITE 0°6 PER CENT. CARBON STEEL HARDENED SoRBITE (UPPER PORTION) MERGING INTO 
AND TEMPERED AT 550°C. X 100. PEARLITE 0°6 PER CENT. CARBON X 100, 


Fic. 18. 


Fie. 17. 
= s : ; , : SAME STEEL AS Fic. 17 AFTER NORMALISING 
0° PER CENT. CARBON STEEL, SHOWING COARSE x 100 
FERRITE BEFORE NORMALISING X 100. 


NOTES ON YACHTS AND YACHTING IN SWEDEN, 


By A. ISAKON. 


ReaD 5TH DECEMBER, 1923. 


The following notes were originally intended as a contribution to Mr. W. Bennett’s admirable 
paper on the “ American Racing Yacht.” They are therefore more or less of a fragmentary character, 
and, as would be expected, the re-arranging of these notes to form a separate paper has been a task of 
some magnitude. It was, consequently, with some diffidence that I adopted our Hon. Secretary’s 
suggestion to convert the notes into a paper, as a suggestion from the latter should always be 
considered as equivalent to a command by every loyal member of the Association. 

Mr. Bennett, in his paper, very appropriately remarks that “many earlier craft, which were 
normally termed yachts, were really pilot boats, or working vessels of some sort.” Similarly, in Sweden, 
‘“jakt” is the common name—centuries old—for a one masted sailing craft, having no separate 
topmast. If a topmast is carried, she is called in Swedish “slup ” (sloop). 


PRE-HISTORICAL AND HISTORICAL. 


Although yachts and yachting in the modern sense of these words cannot be said to have existed 
very far back in history, a retrospective review of the forms and some of the known features of 
construction of smaller craft, recently found imbedded in Scandinavian moors and preserved in Viking 
tombs, are not quite lacking of interest even to modern yacht designers and builders. : 

As regards the simplest means of communication on the inland lakes and rivers, the canoe, chipped 
or burnt out of a single trunk, generally of oak, formed in Sweden, as in most countries, the first boat- 
like means of transport, but is now only to be found in the public museums. The simplest boat now 
commonly used in Sweden, the “ekstock,” is a flatbottomed craft consisting of boards nailed together 
over frames, with square head and stern, having the same general appearance as the common square 
ended punts on the English, Continental and American rivers. The very name of this craft, “‘ ekstock,” 
which Titerally means oaktrunk, appears to signify that this form of boat is the first descendant of the 
original canoe just mentioned. Its very name indicates the near relationship to the canoe of the 
Swedish stone age man, thousands of years ago. : 

The name “ ekstock” thus appears to be the oldest name of a boat type in Sweden, or even in 
Europe for: that matter, and is one of the many instances of that strong conservatism with which 
nautical and shipbuilding terms are preserved throughout the ages. 

Fig. 1 represents one of these original “ ekstocks” dug up not far from Stockholm. Another 
canoe of rather larger size has even transverse framelike reinforcements, and a stone axe or flint hatchet, 
probably used in its manufacture, is stated to have been found in its interior. 

One may probably feel inclined to smile at this prototype of a boat, but it no doubt represented at 
that period a very material improvement of the still older rafts and solid tree trunks used as means of 
communication by our wild ancestors. ‘This canoe, hollowed out of a solid heavy log, representing, as 
it does, the first endeavours at realising lightness of structure and capability of transporting over water 


2 


“dry and perishable cargoes *"—not to mention the comfort of a dry seat to a dainty female passenger, 
—must have inspired considerable self-esteem and even pride in its first inventor. The first canoe may 
probably be considered just as great an improvement in the means of water communication as the 
invention of the wheel for laud transport. 

During the bronze age considerable progress appears to have been made in boat construction, as 
is borne out by the numerous pictures of large and well-manned boats, discovered on the granite rocks 
in Bohuslin, not far from Gothenburg. 

Fig. 2 represents one of those naive illustrations of “ yachting” in those remote times, but no 
actual remains or details of design appear to exist of this kind of craft, so abundantly represented in 
the Chinese, Egyptian and Mediterranean archeology. 

The first Scandinavian sailing craft, of which reliable data regarding dimensions, design and 
structural details are obtainable, are the Viking ships, which were the predominating type over a period 
of some 500 years, from about 400 to about 900 A.D. 

Several of these vessels, nearly all built of oak, and well preserved through being either immersed in 
wet ground or stored in practically hermetically closed mounds, have been repaired and restored to 
original conditions. At these operations such parts of the planking as have been found dislocated or 
started from position have been again successfully steamed and bent to their original shape, 

The general appearance of a Viking ship is represented by Fig. 3, and, as is well known, these open 
vessels of quite moderate dimensions were able to cross the North Sea and the Bay of Biscay and appeared 
in considerable numbers on the Mediterranean and the Black Sea, working their way from the Baltic 
along the Russian rivers, and having to be hauled overland at the narrow watersheds in central Russia. 

The best preserved and restored amongst these vessels is perhaps the “ OseBERGSHIP,” which was dug 
out in Norway in 1904 by the Swedish archeologist G. A. Gustafson, and is exhibited at Christiania. It 
dates from about the year 700 and was found to contain, in a central grave chamber, the remains of a 
queen or other lady in high position with her female attendant. 


This Viking ship was, however, not a war vessel but a luxuriously fitted out sailing craft, intended 
for cruises on the fjords and not for open sea traffic and was probably used as a pleasure yacht by one of 
the Viking chiefs. 

Her dimensions are :—extreme length 70 feet, breadth 16 feet 5 ins., with shallow draft. The 
mast, 43 feet in height, carried a large lug sail and in calm weather she was pulled by 15 oarsmen on 
each side. The grave mound, where she was found, was about 130 feet in diameter by 22 feet in height. 

This ship is built entirely of oak and is so well preserved that only one of the beams has had to be 
renewed. She is clencher built, has a substantial oak keel well scarfed to the high, curved stem and 
sternpost. (Fig. 4.) 

The “OsEBERGSHIP” has 17 pairs of frames with knee connections to beams, but the position of 
the beams is so low down that she is an open vessel to all intents and purposes. 

From keel to gunwale, there are 12 strakes of oak plank, and the pine floor is nailed to the low beams, 
except where access to the low hold under the beams for bailing out the bilge water was necessary. 

Aft, on starboard side, she has an oarshaped rudder, easily visible in the illustration. The stern- 
frame is high and gracefully bent and it is adorned with exquisite “drake” ornaments on both sides. 
The stem has had a snake-formed figurehead with large glaring eyes, but, being of softer wood, this was 
found in several pieces on the ground underneath. 

The most peculiar detail of the construction is, however, the manner in which the bottom planking 
is connected to the frames. From the keel up to the lower bilge, as shown in Fig. 5, which represents 
the midship section and details of a rather larger Viking ship found at Sandefjord in 1880, the planking 
is not bolted or nailed to the frames but lashed to them with ropes of reot fibre, these ropes being rove 
through holes in the frames and through solid chocks on the planks, as shown on the plan. That there 
existed no scarcity of oak timber in those times is apparent from the fact that about half the entire 
thickness of the original plank had to be cut away in order to form these chocks and obtain a suitable 
and not too heavy, thickness of the remainder of the plank. At the landings the planks were fastened 
to each other with treenails or bolts, caulked where required with either wool or cattle hair and payed 


with a gluey substance. From the bilge upwards to the gunwale, the planks were also treenailed or 
bolted to the frames, 
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Much speculation has arisen as to the reasons for not properly fastening the bottom planks to the 
frames, and one explanation, given by the late Mr. C. A. Lindvall, a Swedish naval architect, is as 
follows :— 

When the Vikings landed on a foreign coast a sheltered harbour was rarely available and they 
had to haul up their ships on the beach out of reach of storm and flood like the Greeks and 
Romans in a still earlier period. 

On returning from their ravages, after perhaps a month’s time, it was found that their 
clencher built vessels in which the bottom planks were securely bolted or treenailed to the frames, 
leaked so badly as to be scarcely seaworthy; when the planks were only lashed to the frames, 
however, the bottom had more freedom to shrink and warp under the rays of a blazing sun, and 
consequently such craft did not leak nearly so much when launched. In any event those who 
now advocate flimsy construction in yachts in order to increase their speed under canvas will 
probably look with sympathy on this ancient mode of build. 

Tt seems really marvellous that these small open vessels were seaworthy enough for their extended 
cruises over the open sea. That they could even successfully beat to windward is also beyond doubt and 
easily accounted for by their yachtlike midship section and high keel. A famous Swedish Viking chief, 
who appears to have been one of the ablest yachtsman of his day, was named by his people King Erik 
Viiderhatt (weather-hat) thus indicating that he could sail with his fleet in any direction he chose by 
only turning his hat. 

Although the tacking capabilities of the Viking ships have been debated and were certainly not to 
be compared with those of present day boats, the lines of the hull and the high sheer must appeal to a 
shipbuilder as particularly graceful and well adapted to ensure good behaviour in a seaway. It is also 
worthy of notice that this form of hull, and even the rig and sail, have been preserved through the ages 
in the present Nordland-boats of the North Western coasts of Norway, which boats are said to be still 
extensively used by the hardy Norwegian fishermen, as illustrated in Fig. 6. 

Although this rig has now been almost abandoned on the East coast of Sweden it was quite common 
on Swedish fishing boats as late as the author’s boyhood. 

An admirer of the old type, Mr. A. Plym, a known Swedish yacht designer and manager of the 
Neglinge yachtbuilding yard near Stockholm has contemplated building for himself, on exactly the lines 
of the old Viking ships, the fine little craft shown in Fig. 7. 

From the dark medieval ages, no information appears to be obtainable in this country with regard 
to boat types and details of boat construction. Some interesting wall paintings have been lately 
discovered in a country church, near the East Coast, and laid bare after careful removal of the several 
layers of whitewash, applied after the triumph of Protestantism over Rome in the 16th Century. They 
represent scenes from King Erik IX., the Saint’s Swedish crusade for converting the heathen Findlanders 
to Christianity in the year 1157, but the sailing craft there represented is just as clumsy in form as those 
on the Bayeaux tapestry, representing William the Conqueror’s raid to England. When the Christian 
clergy in France advocated the burning alive of captured Vikings, not because of their robberies, but for 
practising witchcraft in sailing against the wind, they showed their ignorance in navigation ; but they 
would have been quite justified in burning the crews for witchcraft bs they seen these medieval men of 
war successfully beat to windward ! 


17TH AND 18TH CENTURIES. 


The earliest veritable pleasure yacht known in Sweden is probably King Charles XI.’s magnificent 
yacht (Fig. 8), built about 1660 at Amsterdam by the renowned yacht builder Jan Ysbrantsz Hoogzaat, 
“a Master without equal in the art of building ships to navigate inland waters.” 

She has, like a number of similar yachts, built for King Charles II. and other English royalties and 
nobility—the “ Mary,” the “CaTHErine,” and the * ANNE ”—a low fore deck and a lofty poop or 
“ paviljoen,” as the Dutch named these gilded and gorgeously decorat«d cabins. 

Another renowned royal yacht is the ““Ampuion,” of which the general design is shown in 
Fig. 9, and body plan in Fig. 10. She was brigantine rigged, her length on the waterline being 109 
Swedish, or about 106 British feet, breadth moulded 21°8 feet, and draught 8 feet. She was designed 
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by the famous naval architect, F. H. af Chapman, born at Gothenburg in 1721, of English descent, who, 
after a brilliant career, having created the last Swedish victorious fleet of ‘‘ wooden walls,” died as 
Vice-Admiral in 1808. 

The “‘ AmputIon,” due to the excellent quality of her materials, lasted for more than 100 years. 

In her old age she was laid up at the Stockholm navy yard, finally, after 1868, being used for 
lodging a portion of the marines, and was much admired by numerous visitors, until—in the year 1885— 
she met with the usual fate of even the finest vessels, and was broken up. Her high square stern has, 
however, been preserved, and this Summer formed one of the attractions of the Gothenburg Exhibition. 

Another but somewhat smaller yacht of those times, also designed by and built under the 
superintendence of Chapman, at the Carlskrona naval dockyard, the ‘ ESPLENDIAN,” is shown on 
Figs. 11 and 12, the sheer plan bearing the signature of approval of King Gustaf III, who is known 
to have taken a keen personal interest in the creation of Chapman’s new fleet. 

This yacht, in sheer plan, and in particular in rigging and sails, bears a surprising resemblance to 
the coasting craft, which, in the author’s boyhood, swarmed in hundreds on the Baltic, but have now 
all been superseded by prosaic steamers, tugs and barges. 

Although not a sailing craft, a court galley, the ‘* VAsaorpEN,” from that same period is worthy of 
notice as a fine specimen of naval architecture. She was designed and built by Chapman to the order 
of the citizens and borough of Stockholm, and presented to King Gustaf III., in commemoration of his 
brilliant victory over the Russian fleet at Svensksund in the year 1790. 

Probably she was used as a pleasure craft at fleet parades and at other festival occasions, thus filling 
about the same functions as that famous gondola, the ‘“‘ BucentorE,” of the Doges in Venice; and, 
before the Great War, she was for a long time used for landing foreign royalties and chiefs of state. 

During the War she was stored, with other historical relics, in the wooden “ galley sheds” of the 
naval dockyard at Stockholm, and was there completely destroyed by a great fire in 1921. 

By voluntary subscription, she has now been entirely rebuilt to Chapman’s original plans, and was 
presented this Summer to His Majesty King Gustaf V., who used the restored galley for the first time at 
the inauguration of the new Stockholm City Hall. Her graceful lines are shown on Fig. 13, and a 
view of the vessel as restored is given in Fig. 14. 

Various types of rigging and sail plans, used about 150 years ago, especially on the waters 
surrounding Sweden, have been brought together by Chapman, on a large plate, in his “ Architecture 
navalis mercatoria,’ of which plate a reproduction is given in Fig. 16. 

This plate shows, in No, 24, the sail plan, commonly used at the present day by thousands of 
fishermen on the Swedish East coast, while the arrangements shown in Nos. 19 and 28 are still frequently 
used on minor pleasure craft. 

Nos. 22 and 24 are those above referred to as being of the same type of sail as on the Viking ships, 
and still used on the Nordland-boats, but now practically vanished on the Baltic. Nos. 12, 15 and 17, 
are “pleasure yachts” from the later part of the 18th century. No. 20, with a fore sail and 3 sprit sails, 
is a rather interesting type, as, at the Stockholm navy yard, about the middle of last century, Admiral 
Y. Sydow had two exactly similar sister boats built, one with this 3 masted rig, and the other with usual 
yacht rig, in order to definitely ascertain by experiment the exactness of the old statement, that, when 
sailing by the wind, the foremost part of a sail, near the fore leech, supplies the most important part of 
the motive power. 

So far, this was confirmed, as, at the races between the two craft, the “threemaster,” with her large 
amount of fore leeches, beat the yacht by the wind in all sorts of weather, but was herself always beaten 
by the yacht when sailing before the wind. As a consequence, the Sydow-rig became much in favour 
for some time in pleasure craft on the Baltic, but is now a thing of the past. 


19Tg CENTURY AND THE PRESENT DAY. 


The history and development of Swedish yacht construction and of yachting in Scandinavian waters 
during the last hundred years are so closely associated with the history of the Royal Swedish Yacht Club, 
that a few words, touching on the first foundation and the gradual growth and development of this 
club may prove of interest to the Members of our Association, were it only as an orientation of and an 
explanation of the origin and the growing popularity in that part of the world of the preseut Swedish 
Yacht building rules, known as the “ Skirgardskryssare” Rules; the Swedish word “Skirgard” signifying 
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the archipelago of about three thousand islands, mostly very small ones, dispersed in the Baltic to the 
East, North and South of the capital, Stockholm. 

The yacht club, just mentioned, was formally instituted on the 15th May, 1830, as an offspring of 
the “ Neptune Order,” who first commenced their yachting excursions and “ squadron evolutions ” on the 
8th August, 1812. 

The “ Royal Swedish” was thus born 14 years before the venerable New York Yacht Club, although, 
in seniority and in other respects, it must give place to the 15 years older famous Royal Yacht Squadron. 

The veteran of yacht clubs is, however, as stated by Mr. Bennett, the Royal Cork Yacht Club, 
established in 1720, more than 200 years ago, and other British yacht clubs of respectable age are, 
according to Lloyd’s Register of Yachts, the Royal Thames, of 1775, the Royal Dee, of 1815, the Royal 
Northern, of 1824, and the Royal Western, of 1827. 

Great Britain thus, as regards yachting, holds the palm of priority with no less than six yacht 
clubs, older than any of the clubs of all the rest of the world, but next to the “mother country” of 
both shipbuilding and yachting comes Sweden, with her ‘‘ Royal Swedish,” the oldest yacht club on the 
Continent and of even the rest of the world, outside of Great Britain. 

A specimen of the type of Yachts, belonging to this club in the early part of last century, is shown 
on Fig. 18. 

The first squadron of the Swedish Yacht Club consisted of only thirteen yachts, and for many years 
all club members were obliged to be also yacht owners. But gradually concessions had to be made with 
regard to foreign diplomats resident at Stockholm and other distinguished members of Society who were 
desirous of being admitted to this “ exclusive” club and its yachting excursions. 

Thus, in 1863, the club numbered 104 members, but only twenty-six yachts. 

After this long period of elegant “ exclusiveness” the membership and the fleet show, however, 
a rapid growth, indicating that the membership had been extended to wider circles of the community. 

In 1897, the members were 1,613, of whom 79 were ladies, and the number of yachts 215, the club 
being, at that time, said to be as to its membership the biggest in the world. 

Last year, 1922, the members had increased to 2,212, of whom 145 were ladies, and, in addition, 
108 juniors belonging to member families are admitted as a kind of associates or students, under the 
name of “ volunteers,” serving their “ apprenticeship ” either on board the larger yachts or on the three 
classes of ‘‘ volunteer boats”’ recently admitted into the lists of yachts. 

The fleet of the club has now grown to the considerable number of no less than 621 yachts. 

One of the best known yachts of the K.S.S.S., well known also in Great Britain at her time, was the 
schooner “ Sveriae.” L. of W.L. 93,5 feet, by main breadth 24,4 feet, by draft 12,4 feet. She was 
designed and built by one of the Swedish pioneers in yacht-building, Mr. J. F. Andersson, in Stockholm 
in 1852, of pine on oak frames, and, at a visit at Cowes, challenged the famous American-built ‘“ AMERICA,” 
which the year before had carried home the Atlantic Cup. 

The race went off on the 12th October, 1852, and the “ Sver1gE” was already nine minutes ahead 
of the “ America,” when one of her gaffs became dislocated and “ America ” won the prize of £100 
subscribed by the two owners. 

Next year, 1853, she was, however, more successful. At the Royal Thames Yacht Club race, on the 
lst June, from Gravesend to the Mouse Lightship and back, 66 miles, against six British schooners 
belonging to that club, she is stated to have won the race with the remarkably short time of 4 hours 
50 min. 49 secs., the next yacht being the schooner “ ResotutTs.” The time was then considered to be 
a record and appears to be almost incredible, considering that half the distance was dead against wind 
and sea. The “cup” is said to have been a silver group, representing some very fine looking goddesses 
in the Greek mythology, and worth 100 guineas. The beautiful trophy was, however, never carried away 
across the water like America’s Cup, and its actual fate appears to have never been satisfactorily cleared 
up by those responsible for the “Sverian,” which had been built by subscription amongst the members 
of the “ Royal Swedish” at the then enormous sum of about 45,000 Swedish crowns, or about £2,500. 

Some of the national races of the Swedish Club are stated to have been rather stirring, the favourite 
type of boats in the writer’s boyhood being schooners. Considerable scandal was once aroused by a 
practical joke played on the swiftest schooner of her day. The captain of her rival had bribed a diver 
to bolt a good-sized wooden bucket, hung on a chain and well ballasted with stones, at half-length of her 
long straight wooden keel, the night before the race, and nobody could make out at the time of the race 
why the swiftest boat was left so much behind ! 
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SVENSKA SEGLARFORBUNDET—(sweDIsH YACHT RACING ASSOCIATION). 


In the year 1905, on the initiative of some leading members of the “ Royal Swedish,” amongst 
whom the late Judge R. Ohnell, Consul Fr. Forsberg and Mayor T. Glosemeijer, this Association was 
formed with the principal object of promoting Swedish yachting interests at home and abroad in co- 
operation with the International Yacht Racing Union, of framing uniform building rules and scantling 
tables, and of fixing time allowances for Swedish yachts in their races; also of fixing the dates and 
localities of international and Swedish races to be held in Swedish waters. 

The programme of the new Association was hailed with enthusiasm by the numerous yachtsmen of 
the country, and the rules and scantling tables of the “ Skirgardskryssares”’ were scon unanimously 
adopted. The number of Swedish yacht clubs, which at present, Autumn 1923, belong to this Association, 
is 40, with a fleet of yachts numbering 1,741 and a membership amounting to 12,197. 

There exist in Sweden, in addition, about 50 other more or less local yacht clubs with numerous 
members and a considerable number of mostly small yachts, of which, however, no statistics are, so far, 
available ; but the total number of large and small yachts registered in the various Swedish clubs, about 
90 in all, probably amounts to about 3,000. 


THE “SKARGARDSKRYSSARE” RULE. 


A brief survey of some of the leading features in the building rules of the “skirgardskryssare ” 
type of yachts, which type is by far the most frequently seen on the waters surrounding Sweden, may 
probably be of interest to British and American colleagues. 

As we all know, the International Rating Rule for establishing the Class Rating, is 
L+}#G+2d+yYS8S—F 
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In the Swedish “ Skirgirdskryssare ” Rule the Class Rating is 

Rating = Sail Area in square metres. 

The International Rating Rule is a combination of the dimensions and form of the hull and the 
amount of freeboard’ with the square root of the sail area, thus a sum of purely linear dimensions ; and 
no doubt this Rule has given rise to a type of yachts, especially those of the higher ratings, which, for 
open sea cruising “to and from all parts of the world,” as we term it in our certificates for merchant- 
men of the 100 A Class, have never before been surpassed as regards seaworthiness and other solid 
yachting properties by any craft built to other Rating Rules. I feel confident that this opinion of the 
merits of the International Rating Rule is concurred in also by my enlightened active yachting 
colleagues all round Scandinavia. 

Why do not, then, the yachtsmen and yacht designers in Sweden stick to this world recognized and 
established Rule ? 

The reasons are several, and may be briefly summarised as follows :— 

First.—Vhe sail area as the only ruling factor of the Rating appears to appeal to everybody 
through its extreme simplicity, standing, as it does, in direct proportion to the amount of motive 
eS obtained from the wind. The Rule also offers a strong incentive not only to the sail 

esigner and the sailmaker to do their very best, but also to the yachtsman on board to 
bestow his closest attention on the sails, which, when standing well, properly stretched and at the 
right angle under different conditions, are one of the principal proofs of good yachtsmanship. 
The old proverb that what makes for speed in a race, is first the man. then the sails and then the 
boat length, is still considered by Swedish yachtsmen generally to hold good. 

Second. The practical experience obtained at the national races in Swedish waters—in 1907 
—when yachts built to the International Rating Rules were for the first time represented in 
numbers, on the initiative and under the auspices of the Royal Swedish Yacht Club. It was 
then found that the * international” yachts were surprisingly inferior as regards speed under all 
conditions of wind and sea to the Swedish yachts, even old ones, of corresponding sizes, and, by 
unanimous consensus of the leading personalities amongst the members of this yacht club and of 
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the principal Swedish yacht designers and yacht builders, it was decided, in a club meeting in 
March 1908, where about 200 members from all parts of the country were present, to adopt the 
sail area as the sole factor of Rating and to sanction the tables of minimum scantlings, prepared 
and laid before the meeting by a committee, composed of the five most prominent Swedish yacht 
designers and builders and of three active yachting members of recognized standing and ability. 

Third. The practically entire freedom of the yacht designer in fixing the dimensions, form 
and lines of the hull is considered to be, and is generally admitted to have proved, a most 
powerful incentive to the yacht designer. And, broadly viewed, it ought to be most fascinating 
to the designers to create, practically unlimited by dimensions and draft, from year to year 
varying forms of yachts, likely to beat their predecessors in the races. 

Fourth. The gradual increase in length, combined with the limitations as to minimum 
inside breadth and “side depths” of hull, admitted by the sail area rule pure and simple, bas 
resulted in not only a very material gradual increase in speed but also in a marked increase in 
habitability and comfort on board, so highly appreciated by the Scandinavian yachtsmen, whose 
main object is not the collection of numerous cups with flimsy and frequently leaky “ sailing 
machines,” so common 25 or 80 years ago, but good comfortable yachting sport for weeks at a 
time, mostly on sheltered “fjords,” where tides are unknown, but also frequently on the wide 
water spaces of the Baltic, the Kattegatt and the Skagerak, where the “ skiirgérdskryssares ” have 
proved perfectly seaworthy, if handled by well trained yachtsmen. 

As regards the merits of the sail area rule, they have been amply recognized also outside Sweden. 
The president of the Ghent Royal Yacht Club, Mons. Plateau—a very experienced yachtsman—offers 
the following opinion : 

“Time after time, the various Rating Rules have been elaborated and restrictions piled up, 
until the designer is so hampered, that he can never give free play to his ideas, which yet are the 
outcome of study and experience. All he can do is to search for a weak point in the Rule, 
and take all advantage he can of it. This is an altogether mean proceeding, quite unworthy of 
the noblest sport in the world. 

What is the good of these complicated Rules? They are supposed to prevent the building 
of exaggerated types, to secure a measure of safety to the boats and to keep down the price. 
But it is hard to say where exaggeration begins or ends; what appears to one man exaggeration, 
another will call the normal development of an idea. The only true exaggeration is that which 
fails to attain its end. 

If the employment of an exaggeration will give us a boat which is faster without being 
more risky, I claim that she is no ‘* freak” at all. 

Starting from this principle, and bearing in mind that wind is the sole motive power of 
sailing boats, the best possible point of comparison between them will be their sail area. 

It is evident, that, given an equal sail area, the fastest boat will be the one which is best 
built and proportioned,” 

The only restriction, this authority suggests, is a certain amount of righting moment, when the 
craft is capsized, and the sails are flat on the water ; and he sums up his opinion thus : 

“This idea of rating boats by sail area, with one or two additional clauses for safety, has 
always been in my mind, and fifty years’ experience of boat racing has convinced me that it 
would be practicable. I note with satisfaction that the idea is making headway, and boats have 
now been rated in this manner for some years in Sweden.” 

A most interesting comparison between the results of the different Ratings may also be quoted from 
an article by Mons. Grisar in the “ Revue de la Ligue Maritime Belge” 3 years ago: 

“A Swedish yacht, having the dimensions and accommodation of a 12-metre yacht, has been 
constructed with only 150 square metre sail area and 17 tous displacement. The 12-metre yacht, 
old Rule, had 250 square metre sail and 20 tons displacement. ‘Che Swedish yacht had therefore 
3 tons less lead and 100 square metre less sail than the 12-metre; yet, in a good breeze, she was 
10 per cent. faster.” 

As an illustration of the evolution in lengths and form of sheer plans, reference is made to Fig. 17 
showing six different forms of smaller yachts, from year 1909 to 1920, designed and built to the order of 
the yacht club. 
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As illustrative of the present state of design and construction of the smaller size—the 30 square 
metre yachts—annually distributed by lottery amongst the members of the club, one lot being included 
in each annual subscription fee, reference is made to Figs. 19 and 20 while Fig. 21 represents a squad of 
55 square metre yachts, just before the start. 

Another recent construction, the 150 square metre “ Ese,” now named “ Epeiua,” No, 1,319 in the 
Society’s Register of Yachts for 1923, is one of the “ favourites” of last year’s races, and is represented 
on the photo. (Fig. 22). 


SCANTLING TABLES—GENERAL REMARKS. 


The scantling tables of the ‘ Skiirgirdskryssares,” as hitherto established, comprise seven classes of 
small or moderate size, namely 30, 40, 55, 75, 95, 120, and 150 square metres sail area. 

Lately, scantling tables a been also established for three smaller classes, named “ SkiirgirdsbAtar ” 
or “ volunteer boats,” of 15, 22, and 30 square metres sail area, and intended principally for boys and 
youngsters as a means of training them in yachtsmanship and “ singlehanded sailing,” There is, as 
above mentioned, no limitation as to length, either “ over all’ or on the water line, but a certain conces- 
sion to the principle of granting some influence to the linear dimensions of the hold is given by limita- 
tions as to minimum inside breadths and the vertical distances from covering board level to bilge planks 
in two vertical planes, parallel to the centre through plane, limitations which have been most beneficial in 
their tendency to make the yachts more habitable, stable under sail pressure, and comfortable as ‘‘ Summer 
homes.” 

This “living on board” in small-sized yachts for weeks at a time is a characteristic of Swedish 
yachting, probably in a far higher degree than of British, American, and Continental small yacht sailing, 
limited, as it generally appears to be, to a comparatively short “ yachting season” and to ‘“ week-end 
trips.” 

‘ The Rules also contain minimum limitations as to displacement, generally ascertained by weighing 
the yachts, fully equipped, in a crane. Thus a 30 square metre yaclit must weigh at least 14 tons and 
a 150 square metre yacht at least 13} tons. 

As these yachts are supposed to cross the North Sea only on exceptional occasions, and generally 
spend most of their commissions in “ skirgirds,” cruising in the many vast archipelagoes (Skirgirdar) 
surrounding the Scandinavian coasts, and on th2 adjacent parts of the open Baltic, the Kattegatt, etc., 
where the distances to the nearest safe and sheltered anchorage is moderate in the event of a too rapidly 
falling barometer, it has been found practicable to reduce their scantlings to generally somewhat below 
the scantlings of the “ International Rating Rules” for the same dimensions of hull. Superior work- 
manship and the use of first-class materials, well and judiciously distributed, appear to have fully 
warranted these reductions in some of the “ International” scantlings, as borne out by the fact that 
these yachts are tight even under heavy stress of wind and sea, 


MATERIALS. 


As wood material for planking, mahogany and Swedish red pine are commonly used. Teak has 
been found unsuitable as, in the cold Swedish Winters, the frost disintegrates the teak to such an extent 
that, as an instance, the writer could pick away the bottom planking of his first little coppered teak 
yacht, built by Messrs. Ferreett & Son, of Wivenhoe, with his bare fingers. Honduras mahogany, which 
was in great favour ten or fifteen years ago, and is still frequently used, is gradually giving way to 
Swedish well-matured red pine of about 100 years’ growth, if seasoned for at least four to five years, and 
then well steam-dried. The shrinkage is then entirely done away with, and, if no sap or surface wood is 
allowed to creep in, it is on record that such planking has lasted without a spot of decay for forty years. 
For decks, Swedish red pine and Oregon pine are the common materials, and experience has shown that 
the Swedish pine in a deck, if of the description above mentioned, similarly treated and well looked after, 
may alsostand for thirty to forty years. With these materials and with the excellent workmanship, 
common in the better Swedish yacht-building yards, all caulking of seams and butts in the planking is done 
away with, to the astonishment of yachtsmen and builders. Only after a dry and breezy spring on shore, 
the yacht may weep for a few days, but will then become as tight as a china jar if only the strakes above 
the water-line are washed over now and then when she is lying idle in a blazing sun between the cruises, 


SOME ITEMS IN THE BUILDING RULES. 


The following items in the “ Skirgirdskryssare ” Rules will probably afford some interest, as a com- 
parison, to those surveyors whose duty it is to superintend the construction of yachts, building either to 
the Society’s class or to the “ R” classes. 

Frame and beam angles may be of different sections to those prescribed by the Rules, but in no case 
must their cross-sections have less moulding than the Rule-moulding, nor must their moment of resist- 
ance in the direction of the moulding be less than that of the Rule section. 

Yachts of 120 to 150 square metres sail area may have no frames or floors of wood, only galvanized 
steel frames and floor-plates of tested quality, with frame spacing not exceeding 250 mm. 

Bent wood floors or frames must be of American or Continental white oak, or at least equal quality, 
Hie are not to have an inner radius less than six times the moulding unless they are reinforced by steel 

oors. 

Grown floors or frames, which are stated to be still used in American yacht building, have been 
entirely discarded in Swedish yards for many years. 

The 75 square metres to 150 square metre classes must have straight stay connections from the 
waterway or covering board to the floors in not less than two places on each side, 

The wood scantlings, given in the tables for planking, deck and beams, refer to wood, well seasoned 
and dry, having a specific gravity of at least 0,45, and the keel, stem, stern post and wood frames must 
always be of oak or other hardwood of at least similar grade. 

For planking, deck and beams of teak, mahogany or other similar hardwood, no reductions in 
scantlings ure admitted. 

If the frame space or beam distance is increased, the thickness of the planking and deck must be 
correspondingly increased. On the contrary, if the frame space or beam distance is decreased, no reduc- 
tion is admitted in the thickness of the planking or deck. In this case, the combined cross section 
and moment of resistance in the direction of the moulding of all the frames and beams must not be less 
than the corresponding combined cross section and moment of resistance, required by the Rules. 

Detailed Rules are laid down for the diameters of solid and hollow masts. 

The first hollow mast, made in Sweden, for the 78 ton yacht ‘* AuLona,”’ No. 149 in the Yacht 
Register, 1928, was bored out from a home grown pine trunk in 1899, and the builder then discovered 
that the auger maintained its concentric position automatically if only the trunk was rotated quickly in 
the opposite direction to the auger. 

There may be some mechanical explanation for this which I have not fully cleared up. Perhaps it 
is accounted for by the trunk, kept in continuous rotation, at every slightest tendency of the auger to 
deviate from the centreline and against the side, instantly turns a new side of attack towards the auger, 
so that, in its dilemma, the auger has no other chance than to keep to the straight course ? 

I was not present at the operation. 

Hollow masts are, however, now made in Sweden as elsewhere of two or several parts glued together. 

In “ Marconi” masts two-thirds of the total height above the lower ends of the shrouds is rated as 
the height of the lower mast. 

The topmast diameters are not limited by the scantling tables. 

It is stated that Marconi rig with permanently bent topmast is not allowed in the “ international 
yachts, but whether this is actually the case or not, I should like to know. They are much in favour in 
this country. 

The combined breaking strength of the shrouds on each side is to be at least 25 per cent. in excess 
of the displacement of the yacht, and the rigging screws and fittings must have a breaking strength not 
exceeding four-fifths the breaking strength of their corresponding wires. This implies, of course, that 
spare rigging screws are always kept on board, and is intended as a guarantee against the breaking of 
the wires in the standing rigging. 

Centreboards are not allowed in the “ skiirgirdskryssare ” classes. 

A peculiarity in these Rules, aiming at, like the minimum limitations as to inside breadth and depth 
at bilge, above mentioned, increased habitability and comfort of the craft. is a table, providing for tle 
number of fully equipped sleeping berths, required for each of the different classes, as a condition for 
obtaining and maintaining the class. As an instance, in the little 55 square metre yacht, belonging to 
the writer, the minimum accommodation must be either 3 berths in the cabin and one berth in the 
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“crew space,” which also serves as the sail room, or 4 berths in the cabin, all these berths being 
provided with one mattress, one pillow and one blanket. And, in addition, china and other cooking and 
table outfit for 4 persons must be on board. 

It would appear that these ‘* humanitarian ” considerations, embodied in the Rules, are somewhat 
exaggerated. Probably they are meant to provide for the needs of “ week-end trippers,” spoiled with all 
sorts of city comfort. Habitually, the whole crew, even on extended cruises on the open Baltic, consists, 
in the instance of the 55 square metre ‘“‘ Bris,” of the skipper, also acting as cook and messroom boy, 
and the skipper’s wife, also attending to the important functions of AB seaman or Chief Officer, when 
the skipper is asleep or on the “free watch,” and of steward and housemaid combined. 

Fortunately, the Undermanning Regulations or the eight hours’ day have not, as yet, been 
enforced on board Swedish Yachts. 

In most other respects, as to fastenings, workmanship, etc., these “ Skiirgdrdskryssare ” Rules are 
based in principle on the old-established and well-founded Rules of Lloyd's Register, and they are 
accompanied by very detailed and most minute instructions as regards the measuring of the sail area and 
other duties of the Surveyors of the Club and of the Regatta Commission. 


SWEDISH CRUISING ASSOCIATION. 


Although the majority of Swedish yachtsmen are keenly interested in racing and the design and 
construction of racing yachts, there exists also a considerable number of “old boys’—senior yachtsmen 
generally, with wife and children, who cannot all fill the important duties of members of the crew in the 
races. These yachtsmen, in their dilemma between their love of the sea and the stirring experiences on board 
the racing yachts, on the one hand, and the requirements of family life on the other, frequently resort to 
the compromise offered by a cruising yacht, where the utmost speed attainable is not a conditio sine 
qua non, That a growing taste for increased comfort and less rough work is a contributory argument, 
when, occasionally, a ‘‘ pater familia” begins to leave off racing is, of course, never openly admitted, a 
frequent excuse being, on the contrary, the much longed for opportunity of crossing the North Sea, 
“beating down the Channel,” and even braving the Atlantic in company with “ international boats” ! 

The merit of having focussed the interest of numerous Swedish owners of cruising yachts on the 
formation of an association belongs to Dr. Sven Grenander, of Vestervik, an expert yachtsman and 
highly esteemed writer on yachting topics. A short time ago, Dr. Grenander issued circulars to some 
well known yacht owners, and, on the 14th October, a meeting was held at Stockholm, representing 
upwards of one hundred cruising yachts, where an organization committee of 20 members from different 
ports of the coast, under the chairmanship of Mr. T. Herlin, Director of naval construction and pro- 
minent yacht designer, was appointed with a view to framing the laws of the new association and fixing 
its programme in detail. 

At this meeting, the following preliminary programme was discussed and temporarily adopted, as 
indicating the aims and objects of the association. 

The publication of a richly illustrated year book of Swedish yacht cruising, principally 
dealing with the following subjects :— 
Illustrated “logbooks” from lengthy cruises. 
Hints and suggestions as to practical yacht navigation. 
Sailing directions when “ off the beaten track.” 
Plans, structural details and equipment of particularly successful cruising yachts. 
Information as to minor harbours and safe anchorages not contained in the usual charts and 
sailing directions, illustrated with sketches of situation, depth of water, etc. 
Experiences from visits to neighbouring and other foreign countries. 
Sketches of previous cruises, so far as recorded by deceased or still living veterans of this 
noble sport. 
Practical details of equipment, modern instruments and apparatus of yacht navigation—also 
“ desiderata””’ with regard to improvements. 
Reduction in insurance rates for yachts never engaged in racing. 
Exemption from port charges for yachts belonging to the association. 
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A first sample year book “I vara farvatten” in our Swedish waters appeared already this Summer, 
the editor being Dr. Grenander, and several well known yachtsmen have contributed highly interesting 
illustrated records of cruises across the Baltic and other waters surrounding Sweden. 

As significant of the trend of the association, as regards the type of yacht considered desirable, 
reference may be made to the type of cruising yacht, shown on Figs. 26 and 27. She has a length on 
the waterline of 12,0 metres; Lo.a. 16,36 metres and a sail area of 138 square metres. 

Her yawl rig provides a convenient distribution of the sail area for open sea cruises. Besides this 
rig for moderate “weather, she carries a suit of storm sails, marked in dotted lines on the sail plan. 

As shown on the sheer plan, she has a fairly long straight keel to ensure comfortable steering, when 
sailing before a gale of wind in a heavy swell—a detail, which, by the way, the writer regretted very 
much not to have on the “Bris” (with her short keel of a racer) when crossing the Aland Sea in 
“dirty” weather and violent swell in the month of July last. 

Her inside height over floor is 6 feet 1 inch, which also applies to the crew space. 

Her freeboard is not less than 3 feet 3 inches, and she is said to be an exceptionally dry and comfort- 
able all round cruiser, able to proceed, without risk, at least coastwise to and from all parts of Europe. 

A rough idea of the life on board these small yachts in Swedish waters may be obtained from the 
appended reproductions of photos (Figs. 23-25), taken from the first yacht “ Bris,” of 36 square 
metres, built in 1894 under the superintendence of the writer and, when 23 years old, sold at a price 
rather more than twice her building cost, her planking and deck being then scraped bright and found 
as good as new ; also from the second 55 square metre ‘* Bris,” above referred to. 

I have to express my best thanks, in particular, to the gentlemen of the Swedish Admiralty, who 
have kindly put some of Chapman’s original designs at my disposal for photographing, to Lieutenant J. 8. 
Hellstrém, R.N.R., Office Manager of the Royal Swedish Yacht Club, who has offered his assistance in 
many ways, and to other friends and colleagues in the Swedish Yachting Community for supplying me 
with valuable information in preparing these notes. 
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CONSTRUCTIONAL DETAILS OF VIKING SHIP. 
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YACHT FROM First HALF OF NINETEENTH CENTURY. 
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START OF RACE FOR 55 SQUARE METRE YACHTS. 
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Cruising YACHT. 
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FORTY YEARS REMINISCENCES OF YACHTS AND YACHTING. 


By A. P. HOW. 


Reap d5tH DecempBur. 


About twelve months ago a paper was contributed by Mr. W. Bennett, of New York, on the 
Development and Construction of the American Racing Yacht. This paper contained much interesting 
information and an opportunity was afforded me of taking part in the discussion on the subject. The 
interest manifested in regard to this paper suggested the desirability of a further paper relating to 
Yachting generally. 

The Society’s connexion with yachting dates back to 1878, in which year the first edition of the 
Register of Yachts appeared. 

The book was issued at the request of a deputation of Yacht Owners and others interested in 
yachting, which waited on the Committee, and was doubtless the outcome of the formation of the Yacht 
Racing Association in 1875. The book originally contained particulars of American yachts in a separate 
section, but in 1903, at the suggestion of the Chairman of the Library Committee of the New York 
Yacht Club and others, a separate Register of American and Canadian yachts was issued in New 
York. The Society is therefore closely associated with yachts and yachting on both sides of the Atlantic. 

During the past 40 years yachting has passed through a number of changes and developments. 
On reference to a copy of the Society’s Register of Yachts for 1888 it will be found that, exclusive 
of American yachts, there were at that time particulars of 2,870 yachts recorded. At the present time 
particulars of 5,600 appear in the Book, and including American and Canadian yachts, of which there 
are 3,500 in the current issue of the Society’s Register of American Yachts, the total number is over 
9,000 yachts. 

These figures are exclusive of yachts owned in Germany and Austria, of which there were about 
1,000 entered in the Yacht Register in 1914, when war broke out. It therefore appears that the 
yachting fleet of the world, excluding small open sailing-boats and motor launches, may be estimated at 
10,000 vessels. 

It may also be remarked that, whereas Illustrations of Flags and particulars of 128 Yacht Clubs 
appeared in the Book for 1883, the number, including American and Canadian Clubs, is now 743, so that 
there is ample evidence of considerable progress in yachting during the period dealt with in this paper, 

Not only has there been great increase in the numbers of yachts and Yacht Clubs, but there have 
also been remarkable changes in the types of yachts. 

In 1883 there were 500 steam yachts and 2,370 sailing yachts in the Yacht Register. The motor 
yacht was, of course, unknown. Now approximately 40 per cent. of the yachts in this country and 
on the Continent are fitted with motors, either as auxiliary or full-powered engines; whilst as regards 
American and Canadian yachts, the percentage of motor yachts is still greater. 

Sailing yachts may be divided roughly into two classes, viz., those constructed for cruising pur- 
poses and those for racing. The former are, of course, considerably in the majority. 

Up to the year 1907 the Society had only one set of Rules for the classification of yachts, with 
the result that comparatively few racing yachts were built for classification. In the absence of seantling 
restrictions, these yachts deteriorated into racing machines and the sport suffered in consequence, yacht 
racing becoming prohibitive as regards expense, and, in spite of the cost, the vessels proving unsatis- 
factory in regard to durability and seaworthiness. In the year 1906 a conference was convened hy the 
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Yacht Racing Association for the purpose of formulating an international Rule for Rating, and at this 
conference it was decided to invite the Classification Societies to draw up special Rules for the building 
and classification of racing yachts. Lloyd’s Register played a leading part in formulating the Rules, 
which proved satisfactory and remained in force until 1920, when a new Rating Rule was framed and the 
scantling Rules were modified to accord therewith. 

About 100 yachts have so far been built in conformity with these Rules to the Society’s classification 
since the new Rating Rule came into force, principally in the United Kingdom and America. 

The Rating Rules employed in this country for the measurement of yachts during the last 40 
years or so are as follows :— 


1881 (LWL + beam)’ x beam 
1730 
1888 Length x sail area 
6000 
1896 L+B+3G+3V8 
2 


where G=Girth measured from WL to WL round the skin surface of 
the cross-section at 0°6 from the fore end of the LWL. 


1901 L+B+iG4+3V5 
2:1 
where G=Chain girth to covering board. 


1908 L+B+43G+8d+isV8-F 
2 
where d=Girth difference between chain girth and skin girth. 


1920 L+4G+2d+V/S—F 
20 

From a comparison of these formule it will be seen that originally beam was heavily taxed and that 
sail area was ignored. On the next revision of the Rating Rule, beam was omitted altogether and sail area 
was included. Subsequently beam was again introduced in combination with other measurements. In 
the present Rating Rule beam hus again disappeared but sail area is retained. 

This Rule, which appears to be giving general satisfaction, has been fixed for a period of six years 
from 1st January, 1920. 

In addition to class racing between yachts of the same rating there is also a considerable amount of 
racing amongst yachts not belonging to the International Rating Classes. Yachts have been built for 
racing purposes from time to time of one design for racing together in local waters and there is also a 
large amount of handicap racing amongst yachts of different sizes. The racing amongst yachts of one 
design is principally a test of seamanship. The handicaps for yachts are sometimes assigned in this 
country by the Yacht Racing Association on a system based on Rating and Theoretical Speed, repre- 
sented by the number of seconds it takes the yacht to sail one mile. More generally, however, yachts are 
handicapped according to Thames Tonnage which is calculated as follows :— 


L—BxB x 3B 
94 


The length for Thames Tonnage is measured from the fore side of stem to the after side of stern post 
and the breadth is the extreme breadth. 

The tonnages of all yachts recorded in the Society’s Yacht Register are uniformly calculated by 
th‘s Rule and the Book is the accepted authority for this tonnage. 

Considerable discussion has tuken place from time to time as to the desirability of perpetuating 
Thames Tonnage, and in 1912 communications were addressed to prominent yacht owners and builders 
and designers, as well as the principal yacht clubs, by the Society with a view to ascertaining whether it 
was generally thought that some better method of computing yacht tonnage could be substituted ; but in 
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view of the fact that the Thames Rule had been in use for such a long period, and that this Rule was 
generally recognised not only in handicap racing but also as a basis for the sale and purchase of yachts 
and in chartering, it was considered undesirable to make any change. 

It may be of interest to refer to a few of the more important racing yachts which have appeared 
during the period under consideration. Forty years ago one of the most famous racers was the “ [REX” 
which belonged to Mr. John Jameson, of Dublin. She was designed by Mr. A. Richardson, and was built 
by Messrs. J. G. Fay & Co., of Southampton, and was rigged as a cutter. The “ Lorna” belonging to 
Mr. Hope Morley and the “ Marsoriz” to Mr. James Coats, Jr., were also successful yachts at this 
period. The former, which was yawl rigged, was designed and built by Messrs, Camper & Nicholson, of 
Gosport, and was classed with this Society. The “ MarJsorre”’ was a cutter and was designed and built 
by Messrs. R. Steele & Co., of Greenock. The yawl “ Wenpur,” built by Messrs. D. & W. Henderson, 
of Glasgow, to Mr. G. L. Watson’s design, also raced about this time. A season or two later the 
“GALATEA”’ was built for Lieut. W. Henn, to compete for the America Cup. She was, however, 
beaten by the American defender “ MayFLOWER.” 

It is also interesting to notice amongst the smaller racing yachts built in 1886, the “ Coma” owned 
by Mr. F. J. Stephen, who last year won the Seawanaka Cup in America with a yacht of the same name 
of 6 metres, and successfully defended the Cup this year. 

One of the principal yachts built to the length and sail area Rule of 1888 was the “ VaLKyrie I.” 
owned by the Earl of Dunraven and designed by Mr. G. L. Watson. This vessel was the forerunner of 
“ VatKyrig Ii.” and “ Vaukyrie III.”, both of which were also owned by the Earl of Dunraven, and 
were built to Mr. Watson’s design. It will be remembered that these two yachts unsuccessfully 
challenged for the America Cup. 

In 1893 the “ Brrrannta”’ was built to Mr. Watson’s design for the late King Edward VIT., who 
was then the Prince of Wales. She was the best racing yacht of the season, and from 1893 to 1899, when 
she for a time disappeared from first-class racing, she won 147 prizes value £9,973, 122 being first and 
25 second prizes. This year she succeeded in winning 18 prizes, viz. :—eleven firsts, six seconds and one 
third. Her total record is 319 starts with 162 first and 43 other prizes. 

In 1894 the “ Viemant,” an American yacht designed by Herreshoff, which was sent over to race 
with “ Brrrannia,” was beaten by her eleven races to six. 

In 1896 the “ Mergor” was built for the German Emperor to Mr. Watson’s design. She was the 
largest cutter yacht ever launched, She frequently raced with the * Brrrannta,” and owing to her 
larger size and excessive sail area of 12,320 square feet she experienced considerable success. 

The next year the “ Bona” came out also to Watson’s design and proved to be the crack boat of 
the year. 

From 1902 to 1906 there were but few large racing yachts built, principally owing to the fact that as 
already mentioned, in the absence of scantling Rules, yachts for racing were so lightly built as to have 
proved structurally weak, with the result that owners ceased building them. ‘This paved the way for the 
introduction of scantling requirements and classification for racing yachts. When the International 
Rating Kule was framed in 1907 it was to these Rules that such famous yachts as “* Wuire Hearuer IL,” 
“Nyru,” “BRYNHILD,” “SHamRocK,” and “ Briromarr,” etc., were built. In the year 1914, 
particulars of 771 yachts of the various International Rating Classes were entered in the Yacht Register, 
the majority, viz. :—502 belonging to the six and eight metre classes. 

The principal designers of these vessels in the United Kingdom were W. Fife, C. E. Nicholson, 
A. Mylne and Morgan Giles and abroad for France, J. Guedon, F. Arbeaut and T. Bertrand ; Germany, 
W. von. Hacht, Max Oertz, H. Rasmussen and G. Barg; Norway, J. Anker and H. J. Svenningsen ; 
Sweden, ©. O. Liljegren ; Denmark, A. Benzon. 

Since the conclusion of the War in 1918 but few large racing yachts have been built doubtless owing 
to financial considerations. 

The “'TERPSICHORE,” a cutter of 186 tons (T.M.) was, however, built in 1920 by Messrs. White 
Bros., of Southampton, and the cutter “ Moonpeam” (93 tons T. M.) in the same year by Messrs. W. Fife 
& Co., of Fairlie, and these two vessels have been racing with “ Brirannra” during the past season. 

The principal interest as regards racing at present lies with the six metre class which is the class 
selected for the Anglo-American yacht races. 
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The results of this season’s racing between British and American yachts are as follows :— 


BRITISH. AMERICAN. 
Points. Points. 
“Corts III.” - - - - 89 )/*Dra” "= - - - = 87 
“Ree? = - - - - 983°) Crytir ” - - - 2197 
“ SUZETTE ” - - - =" 81) “ Hawk” - . : - V7 
“GapgurE M0) - - 4 - 26/“INcomaR”  - - - -~ 1S 
Total - = 3 - 1:9 Total - - - - &6 


The owners of yachts of the 6-metre class include such notable yachtsmen as Sir W. P. Burton, 
who is one of the Vice-Presidents of the Yacht Racing Association, Lord Glentannar, Maj. the Hon. 
Sir John Ward, Sir Thomas Glen-Coats, Bt., Mr. John R. Payne, etc. These gentlemen formerly owned 
racing yachts of much larger size and the change which has taken place in this respect is indicative of 
the increased cost of yachting; yachts of six metres cost now upwards of £1,000 as against £250 to 
£450 ns pre-war days. Running expenses including wages of yacht hands have also increased propor- 
tionately. 

With regard to the speeds of sailing craft, it is interesting to notice that the greatest recorded speed 
of a yacht is that of the “ RarnBow” which was designed by the late Mr. G. L. Watson. She measured 
115 feet on the L.W.L. and is recorded to have sailed 60 miles in four hours and twice the log registered 
144 knots. This speed has, however, often been exceeded by the clipper ships of 70 years ago. The 
fastest day’s run ever recorded was by the ** Ligurnina@” which is said to have logged 432 miles and the 
greatest speed ever entered in the log of a sailing ship was that of the “James Baines” on the 18th 
June, 156, when the speed of this vessel was recorded as 21 knots. The schooner yacht “ ATLANTIC,” 
belonging to Mr. Wilson Marshall, of the New York Yacht Club and commanded by the late Capt. 
Charles Barr, crossed the Atlantic Ocean in May, 1405, from Sandy Hook to the Lizard—3,013 nautical 
miles—in 11 days 16 hours 22 minutes. Her best day’s run was 341 knots or 14°2 per hour, She 
measured 185 feet overall, 135 feet on the W.L. with 293 feet beam and was 532 tons (T.M.). 

With regard to steam yachts, it may be stated that at the outbreak of the War in 1914, there were 
135 steam yachts of 400 tons and upwards. In the current edition of the Yacht Register there are only 
83 steam and motor yachts of this size, The larger steam yachts were mostly chartered by the 
Admiralty during the War and proved most useful as Patrol Boats, Hospital Ships, etc., yacht hands 
being drafted into the Navy as R.N.R. men and a very large number of that joining the R.N.V.R. 
Several steam yachts, including three of over 1,000 tons, viz. :—Sir Thos, Lipton’s steam yacht “ ERIN,” 
Mr. Child Drexel’s “ ALcEDO” and the “ Gorssa ” were sunk during the War, and others were sold for 
trading and other purposes. Many of the survivors have not been fitted out since the War owing to 
economic conditions. 

In this connexion it may be mentioned that a special examination is held by the Board of Trade for 
gentlemen desirous of obtaining Certificates as Masters of their own Yachts. The examination is as stiff 
in every respect and contains the same problems as are set for the professional deep-sea masters, with the 
exception that matters concerning ship’s papers, laws relating to averages and the stowage of cargoes do 
not form part of the examination. Candidates must hold a first aid certificate and have a thorough 
knowledge of the “Rule of the Road” for sailing ships and of seamanship in every branch. The 
certificate entitles the holder to assume command of his own yacht, whether she is a one tonner or of a 
1,000 tons or more, but it does not entitle him to take command of any yacht other than his own. 
Two hundred and eighty-six of these certificates have been issued, and amongst the present holders the 
names of such well-known yachtsmen as the Marquis of Ailsa and the Earl of Dunraven appear. The 
latter also holds an extra Master’s Certificate. 

Yachts of over 20 tons when signing on crews on B.O.T. articles for a foreign cruise must carry a 
certificated skipper. 

In spite of heavy taxation and the high cost of living, some steam yachts of large size have been 
built since the War, notably the Steel Auxiliary Screw Schooner * Hussar LY.” of 854 tons (T.M.) and 
the Steel Twin-Screw Schooner ‘* RestLEss,”” 732 tons (T.M.), built this year at Copenhagen and Glasgow 
respectively for American owners, the Steel Twin-Screw Schooner “Sona,” 555 tons (T.M.), built at 
Southampton in 1922 for the Earl of Dunraven and the Steel Twin-Screw Schooner “Sea Kine,” 447 
tons (T.M.), built at New Glasgow, N.S., in 1921 for Baron Bliss, Three of these vessels are fitted with 
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oil engines, and all of them are classed by the Society. There are also three large steam yachts of from 
700 to 800 tons at present under construction in this country and two in Hamburg. 

As in the case of sailing yachts, motor boats may be divided into two classes, namely, those built for 
cruising and those built for racing purposes. The construction of motor yachts, especially those of light 
draft built for speed, differs considerably from either steam or sailing yachts. These vessels are mostly 
built of wood, with double or treble skins and diagonal planking. 

‘The number of yachts fitted with internal combustion engines in this country and on the continent, 
excluding Germany, as recorded in the Society’s Yacht Register, is from 2,000 to 2,500. In America 
these figures are greatly exceeded, and in a recent article in one of the yachting papers it was computed 
that there were upwards of 15,000 motor vessels devoted to yachting purposes in that country. Many 
of these are probably small open boats. 

The internal combustion engine was first fitted in yachts about twenty-five years ago, so that the 
development in this type of yacht has been extremely rapid. Particulars of nine clubs exclusively 
confined to motor boats appear in the Society’s Register of Yachts, as well as of six others which are 
combined motor boat and yacht clubs. There are also numerous owners of motor yachts belonging to 
the various yacht clubs. 

The largest yacht fitted with internal combustion engines is the “ FLYING Coup,” 1,087 tons, 
owned by the Duke of Westminster, which has two Vickers Petters oil engines with eight cylinders 
of 14 in. diameter and 16 in. stroke. 

In October, 1922, an International Motor Yacht Union was formed as the outcome of a conference 
in Brussels, in which the representatives of ten nations took part. This Union regulates international 
contests between vessels of this class, which have resulted in the development of powerful engines with 
a speed of from 30-40 knots per hour, 

Particulars appeared in a yachting paper recently of a vessel named CIGARETTE,” built in America, 
which is described as 70 feet long, 12 feet beam, and 3 feet 6 inches draft, and is propelled by no fewer 
than five engines of 450 B.H.P. each. These are arranged to drive three propeller shafts, and a speed 
of fifty miles per hour is stated to be obtained. This vessel is described as the “ world’s fastest motor 
cruiser.” 

Mention has already been made of the great increase in the number of yacht and sailing clubs during 
the period covered by this paper. These clubs, of course, play a very important part in the development 
of yachting, and with very few exceptions all yacht owners are members of some yacht clubs. 

As regards English clubs, they are for the most part located either along the English Channel or on 
the East Coast and Thames Estuary. There are several smaller clubs on the Bristol Channel and Welsh 
Coast and many of considerable importance in Scotland and Ireland. 

The membership varies considerably, according to the location and importance of the club, the Royal 
Thames Yacht Club, in London, having about 1,000 members and the Royal Clyde Yacht Club, in 
Glasgow, 800 members. The membership of foreign yacht clubs, of which there are 61 in the Yacht 
Register, is sometimes very large, the Royal Norwegian having about 3,500 members, the Royal Swedish: 
2,000, and the Royal Danish Yacht Club 1350 members. 

As an instance of how this sport follows the flag, it may also be stated that there are in the current 
Yacht Register particulars of 35 yacht clubs located in the British Dominions and Dependancies overseas. 

Not only is this Society closely allied with yachting through its two Registers of Yachts and the 
two sets of Rules for building and classification, but several Members of the Committee are Yacht Owners. 
The Rt. Hon. Lord Inchcape, the Rt. Hon. Viscount Pirrie, the Rt. Hon. Lord Inyernairn, Sir James 
Readhead, Bart., Sir Charles OC. Barrie, K.B.E., and Mr. Oswald Sanderson are all owners of 
steam yachts, whilst Mr. George Jackson and Mr. W. F. Robertson, of the Glasgow Committee, are 
prominent racing yacht owners, the latter being Rear Commodore of the Clyde Corinthian Yacht Club. 

I have endeavoured in this brief sketch of yachting during the past 40 years to show that the 
subject is one of interest and importance to Lloyd’s Register, seeing that the Society’s functions embrace 
matters pertaining to the progress and development of vessels of every class, 

Yachting has, of course, suffered a serious set-back as a result of the recent War and the subsequent 
high cost of living, but the way in which revival has taken place notwithstanding these disadvantages 
speaks eloquently for the vitality of the sport. Its value in developing love for the sea and knowledge 
of seamanship can scarcely be over-estimated, especially to a country so dependant on its Navy and 
Mercantile Marine as Great Britain. 
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DISCUSSION ON Mr. A, ISAKSON’S PAPER 


“NOTES ON YACHTS AND YACHTING IN SWEDEN,” 


Dr. B. C. Laws. 


I would like to express appreciation of this paper, which, coupled with Mr. How’s paper will, I am 
sure, enhance the value of the proceedings of this Association. 

As a matter of history only does the first part of the paper appeal to us. We, as an Association, are 
more concerned with the second part of the paper bearing on the technical aspect of the subject. Here 
the author gives us some valuable information by which we may make comparisons between the 
Scandinavian practice and other methods of yacht construction known to us. 


On page 6 of his paper Mr. Isakson discusses the new Rules for the building and classification of 
yachts of the International Rating Classes, and expresses much appreciation for them. He says that these 
Rules have produced yachts which “ have never been surpassed as regards seaworthiness and other solid 
yachting properties by any craft built to other rating rules,” and he goes on to say that he is “confident 
that this opinion of the merits of the International Rating Rules is concurred in by my enlightened 
colleagues all round Scandinavia.” 

This I think is praise indeed, not only for the new international standard of design and construction, 
but also for designers themselves, of whom in Sweden there are not a few who are famous. 


It is unfortunate that, due to Swedish yachtsmen adopting a standard of rating different from that 
of the International Racing Association, we do not come much into contact with yachts of Swedish 
design. 

The Swedish method of determining the class by sail area seems to be favoured by the author, who 
believes that it gives to the design just the necessary scope required in shaping the structure. A good 
deal might be said in favour of sail area as a factor in any rating or scantling formula, but it seems to me 
that to make it the governing factor without reference to dimensions of the vessel is likely to lead to 
vessels of fantastic form being produced, by very reason of the great amount of latitude allowed. 


What are the relative merits of the two Rating Rules it is difficult to say, and probably can only be 
determined by mutually agreeing on a method of handicapping, and sailing against each other yachts 
built to each of the Rules. 

It is interesting to read the author’s remarks that it has been found possible to reduce the scantlings 
of cruising yachts to something below those required for a yacht built to the Rating Rule. Presumably 
the old rule is here referred to, as the author goes on to say—page 8—that the experience gained in 
Sweden warrants the reduction recently made in the international rating scantlings. 

This I think is a very important point and seems to indicate that the standard of strength for 
cruising yachts is not far removed from that represented by the Rating Rules which were in vogue 
immediately prior to the publication of the present Rating Rules. 


The author’s remarks on materials and the Swedish building rules—pages 8 and 9—are well worth 
studying, and completes a paper which I think will form a picturesque chapter in our proceedings. 


There is one other point which I would like to touch upon, relating to equipment. 


It seems that the Swedish Rules embrace the scantlings for spars, masts and rigging. It is perhaps 
a moot point as to whether any body undertaking responsibility for structural strength should also 
burden itself with additional responsibility by assigning scantlings to these items of equipment, the 
success or failure of which on service is very largely in the hands of the skipper who, to gain an 
advantage, wiil often take a risk in sailing which might not be covered by the strength of these parts, 
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Mr. S. TowNsHEND. 


The author states, on page 9, that if the frame space or beam distance be decreased, no reduction is 
permitted in the thickness of the planking or deck. The Yachting Rules presumably give the minimum 
thickness of planking necessary for safety, and although a reduced frame spacing may increase the main 
transverse strength, it does not reduce the liability to local damage, and hence it appears that this 
provision is a wise one. 


As regards the author’s reference on page 9 to the boring out of the hollow mast, might I suggest 
that the probable solution is the virtual increase in the speed of the auger. The rifle bullet maintains its 
direction better when it is revolved faster, and hence the virtual increase in the speed of the auger due to 
rotating the trunk in the opposite direction resulted in the greater accuracy reported. 


Mr. M. M. Parker. 


The paper before us to-night deals with a subject which should arouse intense interest among the 
members of our Association, and our warmest thanks are due to the author for the trouble he has taken 
to put his facts before us. 


May I call your attention to the part of Mr. Isakson’s paper which deals with the Swedish Rating 
Rule, viz.: Sail Area=Rating. I go straight to this subject because it appears to me to be the most 
important factor in yacht design. 


Let us first attempt to define two premises from which to argue as to the advantages or disadvantages 
of this rule; first, what is the object of yachting; second, what is the function of a rating rule. 


First, then, the object of yachting is, I submit, the attainment of pleasure. The pleasure of 
yachting is derived from overcoming the difficulties of nature arising from wind and wave. ‘The merely 
passive pleasure of being afloat would soon be satiated were it not accompanied by that spirit of active 
endeavour which ever urges the mariner to deeds of greater skill and endurance. 


A yacht should, therefore, primarily be designed to battle successfully with the elements, secondly, to 
have as great a “turn of ape” as is consistent with seaworthiness under all likely conditions, for this 
quality of speed largely governs the amount of satisfaction her owner will gain from the feeling of 
accomplishment. 


Now consider our second question, what is the function of a rating rule? A rating rule, I suggest, 
is used to furnish a means whereby yachts may be classified for competition purposes. That is its 
primary object, but it happens, naturally, that the rating rule to which a yacht is designed very largely 
influences the design, however simple the rule; and hence it becomes also a very important desideratum 
in any rule that its influence on design should be such as to produce a “healthy” type of craft, by which 
I mean a craft which is primarily seaworthy, and secondarily, possessed of as much speed as is consistent 
with seaworthiness. Habitability, a most desirable quality, is not likely to be seriously deficient if 
seaworthiness has received due attention in design. 


Let us now consider what is the influence of the Swedish rule. Turning to Fig. 17 in the paper, 
we see the sad spectacle of a design slowly deteriorating under the influence of the rule. In No. 1, we 
see a thoroughly seaworthy type of craft: fairly short overhangs, fairly long keel, rudder reasonably near 
the after end of the L.W.L., good proportion of freeboard to depth, and a proper sheer. In such a craft 
one might cross the North Sea in summer weather without much anxiety. Now look at No, 6—a rich 
man’s toy, good for nothing beyond the races in fair summer days. Who would venture a voyage in such 
acraft? Fancy trying to steer her before a sea, with her short pivot-like keel, and rudder so far from 
aft. Her overhangs forward and aft are half as long again as those in No, 1 design, and her beam only 
75 per cent. Surely, any practical yachtsman would prefer to own and sail in the first boat rather than 
in No. 6, although the latter may well be very much the faster of the two. Speed, after all, is a purely 
relative quality. Ifa yachtsman wants speed for its own sake it were better that he should take to the 
air. 

Let us now examine Mr, Isakson’s claims for the rule in detail. They are enumerated on page 6. 
With regard to the first claim, I would point out that sail area is also taxed in nearly all rating rules so 
that this rule does not provide more incentive to sailmaker and yachtsman than do other rules, 


3 


Respecting the result of practical experience in Sweden, Mr. Isakson must, of course, know more than 
we, but I notice that he only claims superiority in speed. His third claim (page 7) offers more ground 
for argument; but it should be pointed out that in practice the type of boat produced by the very simple 
rule becomes almost as stereotyped as that of the International Rule, while it has the disadvantage of 
developing towards the goal of freakishness, at which goal it would undoubtedly arrive had not 
restrictions been introduced to limit its downward path. Although I cannot understand how the 
habitability of these craft can tend to increase under the influence of the rule, no doubt the restrictions 
mentioned in the fourth reason prevent the vessels from developing into quite uninhabitable racing 
machines, such as resulted from the old length and sail area rule in England. The only possible 
justification for the rule appears to lie in the last sentence of the fourth reason (page 7), viz.: “mostly 
on sheltered fjords where tides are unknown.” 


Regarding the opinions of M. Plateau, given on page 7, I am in agreement with his remark that 
exaggeration is not freakish so long as it can produce a faster boat without making her more risky, but | 
claim that the exaggeration produced by the Swedish rule does make the boat more risky, even as No. 6, 
Fig. 17, is a more risky vessel than No. 1. 


As to the quotation from M. Grisar on the bottom of page 7, I think this statement, as it stands, 
needs further explanation, but as evidence it might, for the present, almost be discarded, for it is almost 
impossible for two boats of the same dimensions and the same accommodation to differ in displacement 
to the extent of three tons in 20 tons, or about 15 per cent. Surely, the capacity of the accommodation 
must have been less in the one than in the other. Perhaps Mr, Isakson could throw some more light on 
this subject and could tell us whether the two boats actually raced together, or whether the 10 per cent. 
increase of speed was a matter of judgment only. The statement in this paragraph is, in my opinion, 
one of the most arresting in the paper, for it seems to me to open up a great field of investigation as to 
the best proportion of sail area and displacement to a given accommodation, and any further facts that 
Mr. Isakson can give us to show that the 12 metre yacht is too heavy and too heavily canvassed for the 
accommodation provided and the general seaworthiness obtained will be most interesting. 


In conclusion, I would like to say, that although I feel somewhat opposed to Mr, Isakson in his 
admiration of the Swedish rule, I freely acknowledge that he is, necessarily, far better acquainted with 
its advantages than I am, and I hope that when I read his reply to the discussion I shall feel that he has 
convinced me of the superiority of the rule he champions, I wish to thank Mr. Isakson very heartily 
for his really excellent paper, which it has given me so much pleasure to read. 


CORRESPONDENCE. 


Mr. J. H. Kay. 

I want to express my thanks to Mr, Isakson for his paper on “Notes on Yachts and Yachting in 
Sweden,” which, | feel sure, will be of great interest to the members of our Association, particularly to 
those who indulge in the noble sport of yachting. 

As far as the author’s paper goes there are very few points, if any, that lead to a discussion, but I 
think that reference ought to be made to the yachting conditions on the Swedish West Coast, particularly 
to the Gothenburg district, which, through its locality, by all means must be calied “The centre of 
Swedish Yachting.” Therefore, the following notes must be understood to be made with a view to 
supplement Mr. Isakson’s paper. 

As far back as history goes, ‘‘ Bohusliin” (the Northern part of the Swedish West Coast), has been 
the centre of shipbuilding and shipping of Sweden, and its inhabitants have always been known the world 
over for their seamanship and daring, in fact, sailing and what is connected therewith, must be considered 
to be the main source of income for this county. The bulk of the population are fishermen, and the type 
of boat that as a rule is used, and has been used for a long period, is the so called “Koster,” a boat with 
long keel, fairly shallow draft, big beam and well rounded sides, rigged with a pole mast with main and 
fore sail. This type of boat might be said to be a direct development of the old Viking ship, described 
in Mr. Isakson’s paper. The first yacht known on this coast was of the “Koster” type, and though the 
larger number of existing yachts now are of more modern types, one still finds many yachtsmen who 
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prefer the “Koster,” this being a boat of good sailing ‘extra very seaworthy and with plenty of 
accommodation, a boat in which they can go anywhere and whenever they please, no matter how rough 
the weather may be. 


The leading Yacht Club in Gothenburg, the “Géteborgs Kungliga Segelsillskap,” which was founded 
in 1860, and in 1922 counted 1,676 members with 384 boats, has every year since 1867 built one or two 
boats which were allotted to the members of the Club. This was done with a view to getting a more 
uniform fleet of yachts. It is interesting to note that the “ Koster,” shown in the following illus- 
tration, was the type set for all the model boats from 1867 to 1882, which clearly shows how popular 
was this type. Up to 1922 this club has built and allotted to its members 67 model boats, the total cost 
of which was about £15,000. 


More than any other yacht club in Sweden, this club has worked with a view to bringing together 
the yachting interests of the three Scandinavian countries, Sweden, Norway and Denmark, and at the big 
regattas in Gothenburg, which by the way are always international, Norwegian, Danish, German, and 
even English yachts seldom fail to appear. This club is always represented at all the larger races at 
Christiania, Copenhagen, Kiel and even Cowes. 


Besides the Géteborgs Kungliga Segelsillskap, there are several other yacht clubs on this coast, the 
most noteworthy being the Segelsillskapet Aeolus, Segelsillskapet Fram, and Badgiisternas Seglareférbund, 
all of Gothenburg, and Segelsillskapet Viken of Uddevalla. All of these are important clubs, with several 
hundred members each. Most noteworthy are the Segelsiillskapet Fram and Badgiisternas Seglareforbund, 
because they still adhere to the old reliable “ Koster.” 


Segelsiillskapet Fram is a yacht club with members recruited from the working class only. This 
club was founded in 1896, and counted, at its 25th anniversary, 523 members with not fewer than 80 
boats, all of the “Koster” type. What speaks well for the members of this club is that nearly all their 
boats are built by their owners. 

A few years after the International R. Rule was accepted, two important sailing events took place in 
Gothenburg, the Géteborgs Kungl. Segelsiillskap’s 50th anniversary 1910, and the Segelsillskapet Aeolus’ 
25th anniversary 1912. 

At both these events large regattas were held, when a great number of foreign yachts built after the 
new rule were entered, 

In Sweden at that time there were hardly any yachts which had been built to the Rating Rule, and 
consequently this country could not put up any yachts to compete with its foreign guests. 


_ _This fact led to the idea of forming a yacht club or an association between yachtsmen interested 

in the new rule, each of the members pledging himself for three consecutive years to pay an annual fee of 

Kr. 200 (about £11), the money thus received to be entirely used for building yachts to the International 
Class. 


This club was formed in 1912 and was called “Géteborgs Segeljaktsforbund.” 

During the first year the number of members recruited amounted to 74, and the subscriptions 
during the first three years amounted to £950. 

Immediately after the inaugural meeting a boat building committee was elected, and the first year, 
1913, there were built two 8 metres R yachts, one designed by W. Fife, and the other by J. Anker. 


In the following years several more R yachts were built, but the war finally put a stop to the 
building activity. 
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However, this new club had carried out its purpose, which was to interest the yachtsmen of Sweden, 
particularly of the West Coast, in the International Rule. Many boats of this type have been built and 
entered in International races and often have proved successful. 


The “Skirgirdskryssare” Rule so much advocated in Mr. Isakson’s paper does not seem to gain 
much ground on this coast. This Rule was originally formed with a view to turning out a real cruiser 
type of yacht. This, however, has not been the result, the boats being built more as racers, in which the 
seaworthiness has been sacrificed for speed. 


REPLY BY THE AUTHOR. 


I very much regret that my various duties at home, in Sweden, prevented me from being present at 
the reading and discussion of my paper on the 5th December last, as the value of such an opportunity 
of meeting and exchanging views and experiences with colleagues can hardly be overestimated. 


The contributions to the discussion, sent me by our Hon. Secretary, have, I need hardly say, been 
studied with keen interest, and I should have very much liked to bring some of the points raised in them 
under further discussion with my yachting and designing friends over here. Such ventilation of the 
different topics will, however, have to stand over until the blue waters of the Baltic are again unfettered 
from their present imprisonment under thick ice, our yacht club houses at Sandhamn and elsewhere again 
gd doors, and the little white buoys invite to comfortable mooring and a cosy evening chat on 

oard, 


With regard to Dr. Laws’ highly interesting remarks on the paper I should like to point out that 
the very name of the Swedish sail area rating, the “ Skirgaérdskryssare” Rule, appears liable to cause 
some little confusion. The scantling tables of this Rule are not intended for cruising yachts, although 
the Swedish word “kryssare” is corresponding to the British “cruiser,” but for racing yachts, and the 
yachts built to this Rule are actually racing yachts to all intents and purposes, which is, by the way, borne 
out by their capability of easily beating racing yachts built to other Rules, in all sorts of weather in 
Swedish waters, which are, as is made evident by a glance on the map, of a more “sheltered” character 
than the North Sea, the Channel, the Atlantic, and even the Mediterranean. 


When thus, in the paper, on page 8, I have touched on a certain reduction in scantlings below those 
of the International Rating, this refers to the old International Rating Tables, and not to the most recent 
ones, just as Dr. Laws has assumed. And Dr. Laws’ conclusion that the experience in Sweden has 
warranted the reduction recently made in the International Rating scantlings appears quite to the point. 


I also concur in Dr. Laws’ further inference, that the standard of strength afforded by the “old” 
Rating Rules is sufficient even for cruising yachts, intended for braving all sorts of weather, at least 
during the yachting season in the Baltic, 

It will, however, probably interest the Members of the Staff Association to learn that in our new 
“Swedish Cruising Association” we look forward to the establishment of tables of scantlings and Rules 
of equipment for our future cruisers, which will, naturally enough, be of a somewhat heavier description 
than the present racer scantlings, and will, most likely, be modelled essentially on the Society’s world 
known standard Rules. 


Dr. Laws’ hesitation before the fixing of scantlings for masts, spars and rigging is quite explicable, 
and the “human factor” ought certainly not to be overlooked. 


But many years’ experience of Swedish races has created a consensus of opinion amongst both 
Owners and Underwriters that the present regulations are well warranted and most useful and that, if 
anything, they are even in need of being further supplemented and made more stringent. And, although 
drawing a parallel may perhaps not be altogether justified, it has been generally admitted that our 
Society’s old Rules for masts, spars and rigging on the white-winged beauties of the ocean—now, alas, 
almost a thing of the past—have materially contributed to their seaworthiness and efficiency. 


That, even on the full rigged sailing ships, the “human factor” may play its part in regard to spars 
and rigging was witnessed many years ago by an old friend of mine, then master of the British built 
composite ship ‘‘ Hawkesbury,” 


She was speedily overhauled under way from the Cape of Good Hope to Sydney in a gale by a four- 
masted Glasgow ship of about the same size, but carrying about twice as much canvas as the 
“ Hawkesbury,” and with two of her topgallant masts carried away. When the two skippers met, later 
on, at a bar in Sydney, and the Swede made some remark on the Scotsman’s reckless sailing, the Scotch 
captain gave the following unexpected reply: 

“ My dear friend, what can you expect a skipper to do with that crew of beachcombers I have got on 
board ? There is not much use in sending them aloft and there is nothing else for you to do but simply 
to sit down on the quarterdeck and watch what is going !” 


Mr. Townshend’s observation that, although a reduced frame spacing may increase the main transverse 
strength it does not reduce the liability to local damage is very likely one of the reasons for admitting 
no reduction in the thickness of the planking or deck. Another reason is probably a due regard to wear 
and tear. When the deck in my first little yacht ‘ Bris” was 24 years old there was not a spot of decay 
in it, but it could not then be replaned, as had been repeatedly done before, because the nails began to 
show and cut the plane-steel, so the deck had to be renewed. If this deck had been originally of reduced 
thickness it would have had to be renewed long before. 


My Swedish friend and colleague, Mr. Hutchinson-Kay, in his contribution has added much valuable 
information regarding the “ Koster” type of sailing craft, so abundantly represented on the Swedish 
West Coast, and I freely admit that a history of Swedish Yachting, containing no reference to this type 
of boat, which, in my boyhood was also largely represented on the East Coast of Sweden and in the fleet 
of the Royal Swedish Yacht Club, is far from complete. 


The vast majority of fishing craft, pilot boats and small cargo vessels in Bohuslin, and further down 
along the Swedish West Coast are of the “Koster” type, the name originating from the Koster Islands, 
outside Strémstad, close to the Norwegian frontier, and the part played by this type of boat in the history 
of Swedish yachting may be most appropriately characterised by the following lines on page 1 in 
Mr. Bennet’s paper on the American racing yacht :— 


“Many of the earlier craft, which are normally termed yachts, were really pilot boats, or working 
vessels of some sort, and not at all like the beantiful pieces of workmanship which we now associate with 
the term “yacht.” 


Even as late as 25 to 30 years ago, it was quite a usual thing for yachtsmen all over Sweden to buy, 
at a very moderate sum, a new, or a second hand, clencher built “Koster” boat atone of the numerous 
fishermen’s villages in Bohuslin, and, after having fitted it with necessary accommodation and a new 
suit of sails, to use it as a yacht and register it in either the ‘Royal Swedish,” the ‘ Royal 
Gothenburg,” or some of the smaller yacht clubs. 


The popularity in those days of the “Koster” type even induced several Swedish yacht designers to 
go in for “modernizing” the “Koster” type by fitting the planking carvel, fining out the lines, fitting 
iron or lead keels, and improving the rig and accommodation, 


A good number of these modernized ‘Koster’ boats have been constructed at Limhamn, near 
Malmé, in the South of Sweden, and, even as late as in the year 1919, amongst the 595 yachts registered 
in the Royal Swedish Yacht Club, not less than 25 were of the more or less modernized “ Koster” type, to 
which type, although much modified, also belong all the motor cruisers of the Swedish Life Saving 
Society, our ‘National Life Boat Institution.” 

The importance of the “Koster” type in fostering seamanship amongst the Swedish yachtsmen, 
especially those resident on the West Coast, can hardly be overrated, and my own first apprenticeship in 
yachting, at the age of twelve, was on board a small ‘ Koster” belonging to my uncle and mostly used on 
week-end trips to the little town and fortress of Waxholm, about 12 miles outside Stockholm, in the 
“Skargird.” She was not much in the way of speed, and often half the Sunday nights had to be spent at 
a long pine oar in order to reach the home harbour and not miss the early school hour on Monday 
morning. 


The opinions regarding the safety of the original types of ‘ Kosters” with only inside ballast, as 
still mostly in use by the fishermen on the West Coast, is not, however, unanimous, especially under a 
very sudden gust of wind and also when sailing before the wind in heavy swell. 
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No doubt the boats of the International Rating Classes like the “* modernized Koster” boats are 
much superior to the majority of ‘* Kosters”’ as regards seaworthiness. 


I beg to thank Mr. Kay for the many interesting data given in regard to yachting on the Swedish 
West Coast. The reason for the “ Skiirgardskryssare ” or ‘sail area” rule not being quite so popular on 
the West Coast as on the Baltic is probably the proximity to the North Sea and Great Britain, and, as 
pointed out in my paper, for the waters surrounding Great Britain, the R-boats of the “ mother country ” 
of all yachting possess, no doubt, some distinct merits over the “ Skirgdrdskryssares,” which are, how- 
ever, as experience has confirmed, perfectly seaworthy for their home waters. 


Also Mr. Parker, in his very lucid and interesting comments on the paper, is rather sceptical, 
especially with regard to the seaworthiness of the “ Skirgardskryssares”’ and, in particular, those of later 
years, as shown in their outlines in Fig. 17. 

I quite concur in his definitions of the object of yachting and of the function of a rating rule. 


If anything might be modified in the first definition, I would suggest that the object of yachting is 
not only the attainment of pleasure but the fostering of seamanship, pluck and agility, bodily and 
mental in individuals who are not sailors by profession. 


It must also be admitted that, as Mr. Parker so justly remarks, the two most important features to 
be considered in the framing of a rating rule are seaworthiness and speed. 


It is for the designer to draw the line of compromise between these two desiderata. 


Now, the designers and the majority of those yachtsmen in Sweden who go in for racing have come 
to the conclusion, after having practised with other rating rules over a long period on a kind of “ trial and 
error’ system, that the sail area rule with its limitations as to breadth, ‘ side-depths” and weight of 
displacement, is a rating rule suitable, not for all yachts of the world, but for yachts, racing and cruising, 
on the waters surrounding Sweden, and along coasts, similar in character to the Swedish coasts with their 
thousands of islands affording sheltered harbours and safe anchorage. 


The mentality of some of the leading Swedish yachtsmen may perhaps be characterized by a some- 
what drastic experience of my own as a yachtsman. 


Some 16 years ago I had an opportunity of a couple of days cruising in the mild passade wind on 
the tepid waters of the Indian Ocean, off Mount Lavinia, in Ceylon. The craft was a catamaran and the 
crew Singalese fishermen. The boat or canoe wasa long hollowed out tree-trunk, bottle-shaped in section 
and so narrow in the “neck” that I had some difficulty in getting down my feet and calves in the “hold,” 
my feet being of somewhat different size to those of the slim Singalese fishermen. 


By means of the outrigger and the Singalese boys, the catamaran, in the stiff but steady breeze, 
attained a speed probably upwards of 20 knots, and certainly far beyond any speed witnessed by me in 
any yacht race in Europe. ‘The comfort was rather indifferent, continuous bailing had to go on in order 
to get rid of the water from the spray and the breakers, the bilge water hardly ever being lower than 
the ankles, and even containing a few fish from a previous catch, who sometimes sneaked past my bare 
feet. 

But the sport was capital and fully realized Mr. Parker's one object of yachting, “the attainment of 
pleasure,” even to a degree that I have never before or afterwards enjoyed, as a yachtsman, anything 
like it. 

To my surprise it appeared that no regular catamaran races were held on that coast, and that no 
“catamaran club” existed, although a considerable colony of English and other Europeans were residing 
at and around Colombo. I suppose things have altered since then. As to my taste, “ catamaraning ” is 
about the climax of yachting, at least for a day’s cruise. 


Now, if catamaran-yachting should come into vogue on the coasts of India or in other hot countries, 
say the Gulf of Mexico, Hawaii, etc., would it be reasonable to enforce for such craft the I.R. rule or the 
“Skirgirdskryssare ” rule in their classification for competition purposes ? 

The example may appear somewhat paradoxical, but my argument is, that standardization, which, 
for such articles of manufacture as bolts and nuts, etc., is an indisputable and most important improve- 
ment in the industrial production of the whole world, cannot have the same claims to general adoption 
with regard to such elaborate products of human genins and skill as modern racing yachts, and that some 
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concessions to the nature of the home waters, the proximity to sheltered harbours, etc. are quite 
legitimate, and apt to enhance both the spirit of yachtsmanship and the inventive genius in 
yacht design. 


If, thus, the line of compromise bebween seaworthiness and speed has been drawn by Swedish 
designers, under the “ Skiirgirdskryssare” rule, slightly nearer to the “speed side ” than the application of 
the International Rating Rule would have admitted, this must not be considered as a sign of 
tendency towards obstruction or as a vain desire to show national independence, but is merely a conse- 
quence of the material difference between the character of the waters surrounding Sweden and those 
of the open and frequently steep coasts of Great Britain, France, Spain and the other Mediterranean 
countries, which rarely offer a sheltered anchorage except in artificially built harbours, sparingly 
distributed at often considerable distances apart. 


The regulations in the mercantile shipping for “ home trade” and “ocean trade” are a bit 
different, and this “Skiirgardskryssare” rule may perhaps be considered to be in a measure the “home 
trade rating” as compared with the “International Rating.” 


If I now venture to further argue one or two points in Mr. Parker's criticism of the Swedish rating 
rule, I do it in all deference, because I quite admit that he is standing on the solid ground of practical 
experience. 


Iam quite of his opinion with regard to the position of the rudder being too near to the “pivot- 
like” keel in the later boats, illustrated on page 17 in the paper. Even if a “Skargérdskryssare,” like my 
own, has a vertical ‘‘single plate” rudder, placed some distance up the counter and near the end of the 
waterline, she may be rather irksome when running ,before a gale with white snowdrift-like breakers 
overtaking her all the time, as on the crossing of the Aland Sea in the month of July last, referred to on 
the last page of my paper. I then was wishing, as a matter of fact, either that the keel had been more 
like that of a cruising yacht, or that I had had a little bit of a “false keel” —portable or removable— 
about the same area as the rudder, in position near the forward end of the waterline, even with the 
increase of wetted surface this would have meant. 


There is certainly room for improvement of the type on just the lines of which Mr. Parker’s 
criticism is suggestive. But this improvement, making the boat more “healthy,” has nothing to do with 
the 8.K. rating rule, which gives perfect freedom to the arrangement of the keel. 


As to the seaworthiness, strength, tightness and stability principally, I had myself just the same 
doubts as Mr. Parker before having handled my 55 square metre racer in really “dirty” weather. 


When by the wind, with a high chopping sea on my first cruise with her on the open Baltic five years 
ago, she was hammering violently with the fore body, setting the whole hull into vibration, just like a 
shallow steamer in ballast under similar conditions. 


I became so anxious that I left the rudder to my wife and crept forward to have a look into the 
sail room, fearing that it might be half full of water. ‘To my surprise there was not one drop, and so, I 
understand, is the case with all yard built racers of the type, in spite of their admittedly excessive over- 
hangs. Some amateur built little yachts of the type, due to low grade of materials and imperfect work- 
manship, have certainly become a bit leaky under stress of weather, but such accidents may happen in the 
best families and cannot reasonably be ascribed to a deficiency in the rating rule. 


At a first glance at the six yachts, shown in outline and section on Fig. 17, Mr. Parker’s judgment 
that the design has deteriorated under the influence of the rule appears well founded, and to my own 
personal taste, the “ intermediate” forms, say of 1913 and of 1916, appeal more than that of 1920. 
Taste, tradition and habit have, however, a great influence on judgment in yacht building as well as in 
shipbuilding matters, and Mr. Parker may probably remember how ugly we all found the first yachts with 
an overhang forward in comparison with the “staunch and strong” straight stemmed cutters of our boy- 
hood. Mr. Parker even infers that the S.K. rule has created a development “towards the goal of 
freakishness.” On the same ground, in which, I venture to maintain, taste and sense for continuity form 
the corner stones of judgment, one might have, I would suggest, as good reasons for condemning the 
modern destroyers and light swift cruisers of the Navy as at least partly an outcome of freakishness, 
because also in their forms the “line of compromise” has apparently approximated more to speed than to 
seaworthiness and comfort on board. 
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In Mr. Parker’s criticism of the reasons given by Swedish yachtsmen in favour of the §.K. rule, I 
may say, that I sympathise with his inference, that sail area is taxed more or less in almost all rating 
rules, and that the lack of influence of length over ail is a doubtful feature in the rule as conducive to 
excessive length. Where the increase in length should be stopped has hitherto been left to the designer’s 
evident obligation not to increase the wetted surface to a degree which will jeopardize speed. That, 
however, in two yachts with similar cross sections, the longer yacht will offer more space for comfort and 
habitability than the shorter one, appears almost self-evident. 

In the finishing clause of the criticism, where Mr. Parker admits that the rule may derive some 
justification from the fact that the “commissions” of Swedish yachts are spent “mostly on sheltered 
fjords, where tides are unknown,” he has touched on the very crux or “raison d’étre” of the rule, which, 
besides the speed factor, offers the principal explanation or excuse for the Swedish yachtsmen having 
introduced for yachting in home waters a rule deviating from the International Rating Rule. 

Mons. Grisar’s statement that a Swedish S.K. yacht with 3 tons less lead and 100 square metre legs 
sail area has been found faster than an international 12 rater with 20 tons displacement and 250 square 
metre sail area need not be doubted, as it is confirmed almost every summer day in Swedish waters. That 
the two boats, with the same accommodation—the dimensions may of course be somewhat different—can 
actually differ as much as 15 per cent. in displacement does not appear very parodoxical, as 250 square 
metre sail area will probably need as a balance at least 8 tons more lead in the keel than only 150 square 
metre sail area. [ quite agree with Mr. Parker’s interesting suggestion regarding the desirability 
of continued investigations as to the best proportion of sail area and displacement to a given 
accommodation. 

There is one point—and in these days of enforced ecomomy in so many ways, a rather important 
point—which has not been touched upon in my paper, but which has been alluded to in Mr. How’s keenly 
interesting paper on “Forty Years’ Reminiscences of Yachts and Yachting.” On page 4 in this paper, 
Mr. How mentions that, nowadays, “yachts of six metres cost upwards of £1,000 as against £250 to 
£450 in pre-war days.” 

The building cost of an International Six-rater in Sweden—three such boats are under construction 
on the Kast Coast at present—is of late rather less than 7,500 Swedish crowns, or about £450, but, for an 
8.K. boat of corresponding size, of same materials, outfit and workmanship, the same yards are asking 
about 20 per cent. less, due partly to less weight of lead and less expense In building. This point may 
have some influence—besides the increased speed—on the popularity of the 8.K. boats, of which, besides, 
quite a number of the smaller sizes are “amateur-built” by the yachtsmen themselves, 

I will readily confess that I am not at heart such a blind admirer of the $.K. rule that I am not 
open for discussion as to desirable improvement. I have overlooked, in the paper, reference to the fact 
that the Rule, although in very extensive use, has only been established “experimentally” for a 
period of 10 years, this period expiring in the year 1927, when some modifications may be reasonably 
expected, as nothing in this world is perfect. The general trend of opinion appears to be in the direction 
of introducing some limitation in the proportion between length and breadth when the rule is to be 
revised in 1927, and no doubt, the above enlightened and expert criticism, offered on my paper, will then 
be of no little value. 

I have also omitted, probably induced by the heat of argument for our own “home rule,” to clearly 
state my own objections to the latest products of the rule. I agree with Mr. Parker's views in several 
respects, as already admitted in my reply to the discussion, especially with regard to the excessive 
overhangs, which are contrary to the taste of us “old boys,” but which appear, however, to have now 
reached their maximum. But I have yet another and more practical objection to the newest types. The 
S.K. boats are, due to their small sheer, their comparatively low freeboard, and not the least to their 
superior speed, much more “wet” boats ina Seaway, necessitating much more extended use of oil clothing, 
southwesters, rubber boots and battening down arrangements than the R-boats of corresponding size on 
the long races over the open Baltic to Gotland Island or to Finland, which always form part of the 
summer programme of the Royal Swedish Yacht Club. 

In conclusion, I can hardly find words for my high appreciation of the kind and considerate reception 
given to my paper by the Members of the Staff Association. The many valuable advices and hints 
offered throughout the discussion will also, I am sure, not fail to influence the opinions of yachtsmen and 


designers, and thus to reflect still further credit on the vast importance of these discussions within our 
Staff. 
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DISCUSSION ON Mr. A. P. HOW’S PAPER 


ON 


“PORTY YEARS REMINISCENCES OF YACHTS AND 
YACHTING,” 


Mr. B. C. Laws. 


I am sorry that for the purpose of discussion, this paper has been differentiated from that of 
Mr. Isakson as = largely the two papers have a common foundation, viz., the history and development 
of yacht design and construction. 


But I am very glad to have the opportunity of paying tribute to the author of this paper who 
has set out very clearly the relation which exists between Lloyd’s Register and the technical side 
of yachting. 


We are especially indebted to Mr. How for telling us how the link between this Society and the 
classification of yachts was brought about, and none better than he, with an intimate knowledge of the 
Yacht Register covering a period of some 40 years, is able to gauge its importance. 


The Yacht Register is undoubtedly of immense value to those interested in yachting and considering 
that only some 5 per cent. or 6 per cent. of the total number of yachts recorded therein are classed with 
this Society, the amount of detail which the Register contains, and which for the most part is volunteered 
by or culled from owners and builders, is astonishing and does great credit to its editor and those who are 
associated with him. 


Mr. How tells us that in 1878 the aid of Lloyd’s Register was sought by members of the Yacht 
Racing Association, obviously for the purpose of improving the construction of yachts and restoring 
confidence to the owners, and as a result the Yacht Rules were formulated. 


The author does not say what proportion of yachts were classed with this Society in the early period 
of the Yacht Register, but whatever the figure may have been it would appear that we have fallen very 
mucb behind in recent years apparently for the reason that the Rules are not quite abreast of development 
and practice. 


This is largely accounted for by the fact that during the last 10 to 15 years the motor boat has 
developed almost beyond recognition and the principle of construction adopted in this type of boat is 
not the uniform transverse system with which we are commonly acquainted. 


For the most part this development in motor craft is a child of the Great War. Swift and 
comparatively light boats were necessary for special service and designers and builders took risks in 
producing vessels which might be truly designated “experimental,” from which ultimately evolved the 
successful vessels as we know them to-day. 


The gradual development of the motor for driving yachts of ordinary speed and for racing craft 
has so reduced the weight of machinery as to make it possible for these vessels to float at a relatively 
shallow draught and to be strongly yet lightly constructed. 


What applies to motor yachts pure and simple also applies in principle to auxiliary cruisers, 
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Considering the number of yachts of all classes which are built year by year, the great bulk should 
come within the purview of this Society if we can show that the Rules are in sympathy with the practice 
of building and the interests of the owners. 


Coming to the question of international rating craft, Mr. How gives a complete list of the various 
Rating Formulae which have been used from time to time. Following the last adopted in 1920 the 
present Scantling Rules were formulated. 


Those vessels of the six metre class which during the last three years have been contending for 
supremacy in American and British waters are the products of these Rules and apparently are splendid 
examples of strength and seaworthiness. 


Mr. Isakson in his paper makes reference to this point and as I made a few remarks on this matter 
when his paper was discussed, there is no need to discuss the point here. 


Mr. S. TowNnsHEND. 


I have read with much interest this historical survey covering 40 years of experience of yachts and 
yachting by Mr. How, and must thank him for adding another paper to the transactions of the Staff 
Association which will be of much use for reference. 


Mr. How says that the first edition of the Register of Yachts appeared in 1878. I should like to 
know if the Rules for classification were introduced at the same time as the Register. 


It is rather surprising to know that in 1912 representatives of the yachting world decided to retain 
Thames tonnage measurement as a means of assessing handicap and as “a basis for the sale and purchase 
of yachts and in chartering.” The Thames Rule gives a most imperfect idea of the size of a yacht, and 
as depth is not a factor it might encourage builders to use bad proportions with a view to obtaining a low 
tonnage and a low handicap. 


I am in complete agreement with the last paragraph of the paper, and think everything possible 
should be done to make yachting a popular sport. It is only in such small sea-going craft as yachts and 
fishing vessels that one becomes accustomed to the sea and gets to understand it and in this way only can 
real seamen be trained. 


Mr. W. BENNETT. 


The summary of British measurement Rules from 1881, given by Mr. How, begins with the final 
form of the old tonnage Rules, the “1730 Rule,” under which came the final development of the 
extremely narrow cutter. Its successor, the “‘ Length and Sail Area Rule,” produced a much better type 
of yacht at the outset, but proved a failure when the fin-keel type, represented by Herreshoff’s 
“Niagara,” became a factor in British yachting. The three Rules of the past twenty years have 
produced better yachts with little tendency to extremes. 


REPLY BY THE AUTHOR. 


I have to thank Dr. Laws and Mr. Townshend for their kind remarks respecting my paper and the 
work entailed in connexion with the compilation of the Society’s Register of Yachts, Anyone acquainted 
with yachting will appreciate the difficulty in obtaining authentic information respecting yachts of 
smaller size and in keeping correct records of the frequent changes which take place, particularly in regard 
to names, ownership, and rigs. 


The special Rules for the Building and Classification of Yachts, which have been revised from time 
to time, date back to the first issue of the Society’s Yacht Register in 1878. There has certainly been a 
considerable reduction of late years in the number of yachts built to Class, but just recently several cases 
have been submitted for classification owing to the publicity which has been given to the fact that the 
‘Rules for Yachts are being revised, and that in the interim cases which may be submitted to the 
Committee will be carefully considered on their merits and in the light of present day practice. There is 
every reason to believe that when the revised Yacht Rules are issued the number of yachts submitted for 
classification will be substantially augmented. 


TEMPORARY SHIP REPAIRS. 


By R. D. CAIRNS. 


ReaD 2nD JANUARY, 1924. 


The question of effecting temporary repairs is one that must always be open to a very large variety 
of opinion and also open to more or less severe criticism, as it must be at all times difficult for anyone 
not actually on the spot, to fully understand in many cases, all the causes leading to the making of the 
repair, and the difficulties to be surmounted at the time, due often to a limited supply of materials, a 
shortage of time, or a lack of ordinary facilities. It is not intended, therefore, to attempt in any way to 
lay down what could be considered the best way to carry out such repairs, as naturally temporary repairs 
are in aclass by themselves and each case must be dealt with on its merits as it comes along. In 
effecting ordinary wear and tear repuirs, a more or less generally recognised practice can be followed. 
Such is by no means, however, the case in dealing with temporary repairs. The intention, therefore, is 
merely to state a few cases where temporary repairs have been carried out to enable a vessel either to 
proceed on her voyage or to put her into a sufficiently seaworthy condition to be taken from one port to 
another to make permanent repairs. 

In the first place, before deciding to make a temporary repair, a number of questions must be taken 
into consideration, such as whether the vessel is loaded, or intended to be loaded, or whether she is pro- 
ceeding in ballast after repairs have been made. If loaded, or intended to be loaded, the nature of the 
cargo to be transported must necessarily be considered. In the second place, the intended voyage and the 
season of the year must also be considered along with the weather likely to be encountered on the voyage 
at the time of the year; these conditions must necessarily play a part in determining the nature and 
extent of the repairs to be made, as naturally, the form of repair will vary considerably, due to such 
conditions. Again, if the vessel is proceeding in ballast the position of the damage will also require to 
be considered. A loaded vessel making, say a voyage across the North Atlantic in Winter time, would 
require much more careful attention in the making of the repair than a vessel proposing to make a short 
voyage, say across the North Sea, in Summer time in a light condition. 

In the third place if the vessel is loaded or intended to be loaded, the type of cargo being carried 
must also be carefully considered, to ensure, as far as ever possible, that it shall receive no damage; a coal 
cargo, for instance, would not be seriously affected or deteriorated by a slight leakage, whereas a grain, 
cotton or general cargo might be very seriously damaged. In the case of vessels carrying refrigerated 
cargoes or oil in bulk very great care would need to be taken, and in neither case would it be easy to 
make temporary repairs in the cargo spaces. Further, the position of the damage must also be taken into 
account along with the intended voyage, and the light or loaded condition of the vessel, as, say a slight 
side c llision or quay wall damage well above the water in a vessel intending to make a short summer 
p»ssage in a light condition could be quite efficiently boarded up, whereas the same damage in a vessel 
intending to load and make a hard winter voyage would quite likely require to be completely boxed in 
with cement and planking, and if the plating was fractured quite possibly outside patches of steel plates 
would require to be fitted to make the vessel completely watertight and seaworthy. 

As it very often happens in such cases a quick decision has to be made. It is essential to know and 
take into account all the above mentioned points, along with any others that can be obtained, in order 
that one can come to a satisfactory decision as to the adyvisibility of making temporary repairs, and the 
nature of the minimum extent of same to ensure absolute seaworthiness without involving a cost that 
would almost cover the making of a permanent repair. Naturally temporary repairs must be paid for in 
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addition to the final permanent repairs, and it is usually the time and cost that is the determining factor 
in deciding whether a temporary or permanent repair should be made, unless, as it sometimes happens, 
there are no available facilities for making a complete permanent repair at the port where the vessel is. 

It is hoped, therefore, that the stating of the following few cases may open the way for a discussion 
which will be the means of “ Broadcasting” some valuable information throughout the Society on this 
always interesting and more or less debatable question. No doubt most temporary repairs are carried out 
abroad in ports where there are not facilities for making complete permanent repairs. It is hoped, 
therefore, that some of our colleagues stationed in foreign ports will join in the discussion and give us 
the benefit of their experience. 


STERNFRAMES. 


Sternframes seem to be more or less liable to damage and it is proposed to state a few cases where 
temporary repairs have been made to sternframes of different types, or which have been broken at 
different parts. 

A vessel which had grounded heavily on her heel on hard ground was found to have her sternframe 
broken through the sole piece and also rather strangely between the third and fourth gudgeons from the 
heel. In this case the broken part was cut adrift and removed, after which pieces of the post in way of 
the gudgeons were sawn out, then a frame was built up of channel bars of suitable section to take the 
sawn out pieces. Heavy side plates one inch thick were fitted to bind the whole together and the gudgeon 
pieces riveted in, in their correct positions. For the sole piece two heavy side plates with top and bottom 
plates all one inch thick, attached by angle of 4 inches by 4 inches by § inch, were fitted, the side plates 
were carried well over the keel plate at the fore end, and also back and up the channels forming the after 
post, the upper plate of the part forming the sole piece was worked round and up both the forward and 
after ends of the aperture, as shown in Fig. No. 1. The pieces sawn out of the sternpost with the 
gudgeons were left sufficiently long to take ten rivets each through the heavy side plates of the after post, 
one inch rivets and taps were used throughout the whole structure. This vessel made three complete 
voyages before a new sternframe was obtained and fitted. 

A sternframe which was broken through the arch, a rather uncommon place for a sternframe to 
break, was temporarily repaired by removing a shell plate on each side of the ship in way of the break, 
and fitting U-shaped pieces formed of { inch thick steel plates tapped into the sternframe, and then 
fitting two new shell plates one inch thick extending to the bottom of the lower U-shaped plate and 
riveted to both as shown in Fig. No. 2; the flanges of the U-shaped plates were made seven inches 
wide to allow for the large round in the corners and to have two rows of one inch rivets fitted in each 
flange. 

A sternframe of somewhat intricate design in a twin screw passenger vessel was broken in two places 
through grounding. _ As it would have taken a long time to obtain and fit a new sternframe, a temporary 
repair was made by having special pieces cast, and after cleaning out and welding the fractures, the cast 
steel pieces, which were made in halves, were fitted and wrapped round the frame, as shown in Fig. 
No. 3, bolted together through the flanges and bolted through the sternframe ; in the case of the upper 
fracture the pieces were cast with palms on the upper side and riveted as far as possible to the shell 
plating and to the existing flanges on the sternpost. The cast steel pieces were 24%, inches thick round 
the post with 1} inches thick flanges. ‘This vessel made a number of voyages before a new sternframe 
could be obtained. On an examination being made when the vessel was dry docked for fitting the new 
sternframe there was no sign of any working or any slackening of the bolts although the speed had not 
been reduced and the vessel had come through the usual weather encountered in the North Atlantic. 

A vessel having met with very heavy weather lost her rudder and carried away one of the upper 
gudgeons on the sternpost. A new rudder had to be supplied but to avoid delay, and as no dry dock was 
available, the sternframe was dressed up flush in way of the broken gudgeon and a heavy brass clamp 
was made to form a new gudgeon and tapped on to the sternframe. It was made with open jaws to form 
flanges for bolting together, and worked round the fore side of the sternframe as shown in Fig. No. 4. 


RUDDERS. 


A fractured rudder stock has on occasions been temporarily repaired by fitting a sleeve coupling in 
ength three times the diameter of the rudder stock, and keyed to same, with bolts in the flanges of the 
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same diameter as the bolts in the rudder coupling. ‘The only point to watch in such a case is that the 
flanges of the coupling do not foul anything before the steering engine stops come into play, and if there 
is any danger of this the stops on the engine should be readjusted to suit. 

In the case of a twisted rudder stock, unless in very extreme cases, it should be quite sufficient to 
free the stock, set the rudder and quadrant amidships, mark the position for a new keyway, then, if on 
removal, after careful examination, the stock is found to be entirely free from any sign of fracture, cut a 
new key seat, weld a solid piece into the old key seat, and have the stock annealed, refit the stock in its 
new position, and this will at least enable the vessel to complete her voyage or to run until such time as 
may be necessary for a new rudder stock to be obtained. In some cases where no means of annealing 
were available this has been dispensed with, and the stock refitted without having been annealed. 

A broken tiller or rudder quadrant arm can be temporarily repaired by fitting a channel bar on each 
side of about two feet to three feet in length, and a one inch plate top and bottom tapped on to the arm, 
or in a bad case bolted through and through, and bolted through the flanges of the channel bars, with 
hard wood packing between the bolts, see Fig. No. 5. 


SIDE. 


A very frequent and common form of damage is that caused through collision on a vessel’s side and 
the nature of the repair naturally depends largely on the extent of the damage. 

In one case of this kind the vessel was cut from the bilge to the bridge deck in way of the boiler 
room on the starboard side over a length of eleven frame spaces, about 24 feet. The starboard boiler was 
thrown off its stools and wedged against the port boiler which was also displaced, all the steam pipes were 
broken or started, thereby putting all the main and auxiliary machinery out of action. After the collision 
the vessel was beached and a wooden patch fitted over the hole to enable her to be dry docked for 
examination after refloating. As, naturally, a very extensive repair was needed it was decided to take 
prices and, as the vessel might be taken away from the port she was in, the question of effecting 
temporary repairs had to be considered. As it turned out the vessel was taken away. Temporary repairs 
were carried out in dry dock to enable this to be done ; they consisted in this case of fitting, after all the 
ragged edges of the plates had been removed, steel plates in strakes over the hole, a y% inch sheerstrake, a 
2 inch bilge strake with 4°; inch steel plating between and a 3 inch strake from sheer to bridge deck, two 
web frames were also fitted to support the plating and on the outside five longitudinal bulb angle bars 
were fitted, one on each strake, carried well forward and aft and connected to the shell plating and frames ; 
a fore and aft bulb angle was also fitted in way of the upper and bridge deck plating and carried well 
forward and aft of the damaged part and connected to the deck plating and beams, As the tank margin 
plates were pierced and the margin brackets were all broken in way of the damage the bilges were filled 
with cement for eleven frame spaces. All the steel work was properly riveted and caulked and made 
watertight—see Fig. No. 7. The boilers were strutted and wedged with heavy baulks of timber to 
prevent them shifting. No steam could, of course, be raised, so as a precautionary measure, a motor 
driven pump was placed on board and connected to the main line of bilge suctions. The anchors could 
be let to go but could not be raised so arrangements were made for slipping and buoying the cable if 
necessary. On completion of the repairs the tug was made fast on the port side and in this way towed 
the vessel. It would possibly have been more economical in this case to have fitted shell plating of the 
original thickness with a suitable shift of butts which could later been have left in position and the holes 
for the frames drilled. The object however of all the firms tendering was to keep the cost of the 
temporary repair as low as possible. So it was decided to carry it out in the manner described. 

Damage caused to the side plating in No. 2 hold by collision where the plating was badly set in from 
the upper turn of the bilge to the upper deck, but not broken, was temporarily repaired afloat by fitting 
a cement box from the tank margin to the second deck extending over four frame spaces. In such cases 
care should be taken that the cement is poured from above as the boxing is built. In this case as the 
second deck stringer plate was badly buckled holes were cut in it to allow the top course of cement to be 
poured from above, pieces of wood were fitted through the lightening holes in the tank side brackets as 
this helps to bind the cement and also permits of it being more easily removed when the vessel comes to 
be permanently repaired. As the bilge suctions had not been damaged a pipe was fitted through the 
drain holes in the tank side brackets to allow any water to reach the bilge suctions. This vessel loaded a 
grain cargo and made a North Atlantic voyage successfully—see Fig. No. 8. 
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In the case of grounding it is often found that a bilge seam is started and cement boxing required. 
In such cases naturally cement will not set when there is an inrush of water so, first of all, wedging is 
done with soft wood wedges and as this may not wholly stop the leak it is endeavoured to confine the 
leakage to one more or less small part, then fit, say a three inch pipe over this and build the cement box 
round the tube and plug the end of same—see Fig. No. 9. In all cases of cement boxing in the bilges 
care should be taken that a passage is left wherever possible for water to reach the bilge suctions. 

In the case of a side damage to a single deck vessel, caused by collision, the side plating was very 
badly buckled from the bilge to the upper deck in way of the stokehold bulkhead. A hole was cut in 
the sheerstrake and one plate in the strake below fractured. 

Temporary repairs were carried out in the following manner. The vessel was placed in dry dock 
and all broken rivets in frames and plating removed and replaced with bolts, A steel patch was fitted 
over the hole in sheerstrake and algo over the fracture in the strake below. Five 8 inch channel bars 
were fitted fore and aft across the buckled plating, one on the strake below the sheerstrake and one on 
the strake above the bilge strake, these channels were carried fore and aft on to the flat side for 3 frame 
spaces, hard wood backing was fitted between these channels and the buckled plating to make it solid for 
bolting through the frames and plating. A channel bar with hard wood backing was also fitted fore and 
aft on the upper deck stringer plate, as the stringer plate and angle were badly set in and buckled, the 
broken rivets in the stringer bar were removed and bolts fitted, 3 inches of cement was fitted over the 
stringer plate and bar. The bilges were filled with cement to the level of the tank top, the strum box at 
the after end of No. 2 hold was kept clear to allow of the bilges being pumped if necessary. This vessel 
crossed the North Sea in ballast in winter time to have permanent repairs carried out. 


BOTTOM. 


A vessel which had to make a voyage in ballast with all her double bottom tanks full, touched the 
ground, just after leaving her port of discharge, no leakage was observed so she proceeded to her loading 
port. The tanks were pumped out during loading, and it was then found the tank abaft the engine room 
could not be emptied. A diver was sent down and reported that the landing edges of A and B strakes 
on the port side were badly set up and the rivets started. Suction patches of canvas, white lead and 
tallow were prepared, the pumps started, and the diver applied the patches from the outside to the worst 
places. After the pumps were able to reduce the water to a level when internal examination was possible, 
it was found that in addition to the landing edges being set up, a number of floors were badly buckled. 
Struts of 4 x 4 timber were fitted between the floors from the tank top to the shell landings, and soft 
wood wedging done as far as possible from the inside. In this way the leakage was reduced to such an 
extent that the ballast pump could keep the water down to a low level, and the vessel was able to proceed 
fully loaded on her voyage. Otherwise considerable delay would have been caused, and possibly the 
discharge of the cargo would have been necessary before permanent repairs could have been made. 

A rather peculiar case of damage where the source of the leakage took some time to trace, was one 
where, during loading, it was found that water was collecting in No. 1 hold bilges. It was decided to 
pump out No, 1 tank, and on this being done the leakage apparently stopped. On an internal examina- 
tion being made of No, 1 tank it was found that a hold stanchion had pierced the tank top. To avoid 
discharging cargo a steel cup patch was made as shown in Fig No, 10 and tapped on to the tank top 
plating, this prevented any leakage from the tank to the hold. 


FIRE DAMAGE. 


Fire damage as a rule does not require any temporary repair, but in one case where a very severe fire 
had taken place in No, 2 hold, which had been full of copra, the following temporary repairs were made 
to enable the vessel to proceed to a home port for repairs. The upper and 2nd deck were badly buckled, 
the coamings of the hatchways on the upper deck were considerably distorted, and the stokehold bulkhead 
was set in and buckled over the full width. As the fire took place while the cargo was being discharged, 
this was proceeded with as soon as the fire was put out. The vessel now being light, the seams and butts 
of the shell plating were examined and re-caulked where necessary. On the upper deck abreast the 
hatchway coamings, double channels back to back were fitted on each side extending from the bridge 


a) 


front to the bulkhead between Nos, 1 and 2 holds to act as a girder. The decks were shored up with 
8 x 8 wooden logs from the tank top to the upper deck, as all the pillars and hold stanchions were 
buckled and were in some cases adrift. The upper deck hatchway beams were of no use so 5 x 5 wooden 
fore and aft struts were fitted on each side bolted to the side coamings and 6 x 6 cross beams fitted on 
which the hatch covers were laid to enable the hatchway to be covered with tarpaulins and battened 
down. The watertight doors in the stokehold bulkhead could not be worked and were not fitting, so they 
were boarded up. No. 2 hold extended into the bridge space and the engine room telegraph controls 
from the bridge were destroyed and these were fixed up temporarily with wires. The steam steering 
engine control rods from the bridge also had to be faired and the bevel wheels readjusted for the safe 
navigation of the ship. 


STEM AND BOW PLATING. 


Perhaps the biggest temporary repair ever carried out to a passenger vessel to enable her to cross the 
Atlantic with passengers was one where after striking an iceberg the vessel put back and as enormous 
expense would have been incurred by delaying the vessel to make permanent repairs, it was decided to 
effect a temporary repair. 

The whole fore end from about four feet above the water line to the forecastle head was completely 
stove in, tapering back from the stem to about sixty feet abaft same at the forecastle deck ; fortunately 
the fore peak flat which was at the level of the water line was practically intact. 

All the rough broken steel was cut away and in the four ’tween decks above the fore peak tank top 
a series of wooden bulkheads sheathed with sheet steel on the fore side and felt on the afterside were built, 
each strutted from the deck next below and about four feet of cement was built up forward of each of 
these wooden bulkheads. The carrying ont of these repairs only occupied about six days and the vessel 
completed her voyage successfully. See Fig. No. 12. As the crew’s quarters were all gone they were 
berthed in some spare steerage accommodation. 

This is a very extreme case and could only be recommended under very exceptional circumstances 
but serves to illustrate to what length temporary repairs may at times be carried. 

No doubt the commonest of all forms of damage is that known as stem and bow plating damage due 
to collision either with a quay wall or another vessel. In most cases of this kind where only a very short 
voyage has to be made and where on examination the collision bulkhead is found intact, little need be 
done as even with the fore peak tank flooded the vessel is moderately safe. If, however, the contemplated 
voyage is of any length and especially where bad weather may be anticipated, cement boxing with a 
bulkhead of three inch planking covered with felt nailed on should be fitted and if the hawse pipes have 
been damaged care should be taken that one at least of the bower anchors can be lowered. If the crew 
are berthed forward suitable arrangements should be made to keep their quarters dry. 

A case which may be of interest, although hardly coming within the scope of this paper, was one 
where a vessel, after being in collision, was dry docked with a cargo of lumber on board, and also a deck 
load of lumber 15 feet high. There were 1,450 standards in the holds, and 508 standards on deck, in 
all, about 5,400 tons. The vessel was 355 feet in length, and was docked drawing 19 feet 6 inches 
forward and 22 feet 5 inches aft. She was docked ona floating dock of the latest type, 550 feet in 
length with a lilting capacity of 46,000 tons, and fitted with sliding bilge blocks 23 feet apart, so that she 
was well supported. The damage repairs occupied six days and on examination on completion of same, 
no sign of any straining was found. Although this can hardly be considered under temporary repairs it 
may be useful in illustrating how by docking the vessel in her loaded condition considerable expense was 
saved, as it would have taken 10 days at least to discharge and reload the deck cargo alone. (See 
photograph of vessel in dock, also photograph of the vessel on her way to dock, which shows clearly the 
extent of the deck cargo, Figs, 13 and 14). 


ELECTRIC WELDING. 


Electric welding has been of great assistance in recent years where it has been available and 
applicable in the making of temporary repairs. A number of large repairs have been carried out, 
particularly to rudders and sternframes, by this means, and in some few cases to shell plating, but as the 
method of making such repairs is more or less common knowledge it was not thought necessary to deal 
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with this in detail. It might be well, however, to state a case where electric welding was successfully 
used to enable a vessel to make a few voyages until a permanent repair could be made, and where it was 
practically impossible to make a repair by any other means. In a large twin screw passenger vessel where 
the propeller brackets had been cast in one piece right across the ship, a crack was found on the starboard 
side in the throat of the casting. As this crack was right up in the inner side of the casting at the 
junction of the arms with the central box, there was nothing that could be done except clean out the 
crack to the bright metal, trace the extent of same, then build up with electric welding. The crack in 
this case was seven inches long, and of a depth of one inch at the worst part. The weld was carefully 
built up from the bottom, each layer being well hammered as it was made. The vessel was able to run 
for six months with this repair, and on examination it was found that the crack had not extended or the 
weld shown any sign of giving way, so the vessel continued on her station. This repair could therefore 
be virtually considered permanent, and should hardly come within the scope of this paper. 


MISCELLANEOUS. 


A slight but unusual form of damage to a loaded vessel, intending to make a winter voyage across 
the North Atlantic, was repaired in the following manner. After loading had been completed it was 
found that a sounding rod had pierced the shell plating in one of the double bottom tanks. A diver 
was sent down and he plugged the hole from the outside, then, when the tank was empty, a proper hard 
wood plug was made and driven into the hole from the inside, driving out the original plug, to ensure 
that this plug would remain tight a 2 inch flanged plate was made, bedded in cement, fitted over the plug 
and bolted to the adjoining floors ; then the whole thing was covered with three inches of cement, and a 
small plate bedded in this to take the end of the sounding rod so that the cement would not be broken 
away and the repair disturbed, see Fig. No. 6. 

Occasionally on a new vessel or on a vessel that has just completed a large repair it is found when 
loading is proceeding that there is a slight leakage from one of the shell seams and that this is caused 
through a shell liner having been fitted slightly short in way of the overlapped butt and the caulker not 
having been careful to split the end of the liner and caulk it over. In such a case it is quite sufficient to 
fit a small steel wedge on the inside between the end of the liner and the butt of the plate and caulk it 
in, then inject the seam, fitting one injection hole in the seam in way of the liner and another in the butt 
as shown on Fig. No. 11. This will prevent any water travelling along either way and stop the 
leakage. At the next dry docking the caulking can be overhauled from the outside or a steel wedge fitted 
and caulked in from the outside if necessary. This is a very minor repair but shows what a small thing 
may possibly cause serious damage to cargo and is sometimes difficult to trace. 


CONCLUSION. 


When it comes to a question of making temporary repairs there is no golden rule to be followed, 
and there are no rules and regulations framed for carrying out such repairs. So, it is very largely up to 
the resourcefulness of the individual to do the best he can, always remembering the question of safety of 
life, and the various interests involved. We are inclined at all times to feel that, like MacAndrew’s 
passenger, ‘Steam has killed romance at sea,” but there is no doubt that even in these hard practical 
times when the running of ships is carried out on severely scientific lines, the element of romance 
creeps in where temporary repairs have to be made, especially when the means at hand for effecting 
the same are limited. 
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DISCUSSION ON Mr. R. D. CAIRNS PAPER 


ON 


“TEMPORARY SHIP REPAIRS.” 


Mr. A. R. Sneppon. 


Mr. Cairns has given us a very interesting paper on temporary ship repairs. 

Fortunately in this country where there is every facility for carrying out permanent repairs we have 
not the difficulties to contend with that Surveyors have abroad, where, as Mr. Cairns points out, there is 
often a limited supply of material or a lack of ordinary facilities. We are therefore able to get permanent 
repairs effected, and have not the same experience of temporary repairs as Surveyors have at some of the 

rts abroad. 
a In all cases it should be the aim of Surveyors to have permanent repairs effected if at all possible, 
but when they are unable to have these done every care should be taken to have temporary repairs 
effected of such a character as to make the vessel perfectly seaworthy, and they should satisfy themselves 
that every precaution is taken with this object in view. 

The responsibility of a Surveyor in carrying out temporary repairs to enable a vessel to proceed to a 
port where permanent repairs are available is very great, and it is right that he should realise his 
responsibility in this respect. As the author says, there is no Rule to be followed in making temporary 
repairs, and the Surveyor must use his own judgment as to what is necessary for the purpose. 

The examples of the temporary repairs effected which the author gives in his paper are very 
interesting, and no doubt will be helpful to others under similar circumstances. I consider that the 
repairs effected in all the cases mentioned by him were very effective, with the exception of the case 
illustrated in Fig. 12, which, as he states, could only be recommended in very exceptional circumstances. 

Personally I have had very few cases of important temporary repairs beyond damaged stem and stem 
plating through collision, or damaged shell plating, where cement boxes were sufficient to enable 
the vessel to proceed. 

Mr. Cairns mentions the case of a vessel being placed on a floating dock with a cargo of lumber on 
board after being in collision, and explains how she was supported so that after repair no sign of 
straining was found. 

I remember a somewhat similar case (also timber laden) in the Tyne about 25 years ago, which I 
believe was the first fully loaded vessel that had been dry docked in that river. In this case however the 
keel blocks were all removed from the dock bottom and single deal planks placed on the bottom of the 
dock on which the vessel rested, so that there was therefore no fear of any straining of the structure. 

The most important case we had in the Tyne, though it could hardly be called a temporary repair, 
was the ss. “ LIneRTON,” a vessel of 6,852 tons. This was a new vessel which while being brought 
from the builder’s yard, about four years ago, to load in the Tyne was driven during a storm on to the 
sands at South Shields. The vessel practically broke in two parts abaft the engine room bulkhead and 
the salvors took her off in two portions. 

Both portions were placed in dry dock until the shell caulking was overhanled and bolts fitted where 
rivets were missing, and after the necessary temporary repairs were effected, the two portions were towed 
to Rotterdam, where they were docked and put together and the vessel permanently repaired, and altered 
into an oil carrier. 

The break in this case was through the deep ballast tank at the after end of the engine room, so 
that each portion floated on a specially stiffened bulkhead and beyond overhauling the caulking and 
riveting, and fitting some shores as a precaution very little had to be done to these bulkheads. In the 
holds, the bilge pipes were overhauled and a donkey boiler and a salvage pump were fitted on board each 
portion to deal with any leakage that might occur. 


| WAT : 7 


1h 


1a 


11) 2 


HA | ta No doubt many of the Surveyors at foreign ports will be able to forward interesting particulars of 

temporary repairs effected under their supervision, but I consider the responsibility and necessity of 

ensuring that the repairs effected are satisfactory in every respect cannot be too strongly impressed upon all. 
I wish to join with the others in thanking Mr. Cairns for his interesting paper. 


Mr. H. THomson. 


The question of temporary repairs is one which has decreased greatly in importance since the war, 
especially so far as the Society is concerned, as the enormous increase in repairing facilities throughout 
the world has made it possible to have permanent repairs carried out in practically every port where a 
Surveyor is stationed, and the need for temporary repairs only arises nowadays in cases where time is the 
IR: chief consideration or where a more advantageous offer has been received for effecting the permanent 
repairs. 

: As a matter of fact temporary repairs is a question which is of more interest to the crew on board, 
Why who often have to effect repairs while the vessel is at sea, or to salvage companies who have to deal with 
vessels stranded at places where no Surveyor is available. The salvage companies usually convey the 
WITT vessel to the nearest harbour, and all that the Surveyor has to do in many cases is to issue a certificate to 

Hi allow the vessel to proceed to the harbour where the owner desires the repairs effected. 
WIT | Mr. Cairns’ paper contains a great deal of interesting and valuable information, but there are a 
| number of points ,to which I should like to call attention. The practice of fitting one inch thick plates in 
way of damaged sternframes is very common, but would appear to have little to commend it, as these 
plates are invariably fitted in places which require a great deal of working, which is impossible with such 
thick plates, and in any case the rivet attachment which is obtained is out of all proportion to the strength 

Hil | of the plates. 
| I tis not understood why the sleeve coupling on the rudder head should be only temporary as it is by 
no means uncommon for this arrangement to be fitted in new vessels. 

It is very interesting to learn how to repair a broken tiller, although this is not a question of much 
practical interest as the breaking of a tiller may be said to be quite unknown. 

The question of electrically welded repairs to sternframes which are classed as temporary is one of 
the worries of a Surveyor’s life, as it is in many cases impossible to locate the weld after a few years, and 
it would be interesting to have Mr. Cairns views as to when such repairs should be considered 
permanent. It is very annoying for an owner to have his vessel on the “Special Reasons” List for a 
cause of this kind. 

1) ||) During the past year a controversey has arisen in which the Society is involved regarding the use of 
compressed air as a means of enabling a vessel to proceed from one harbour to another, and I should be 
\ glad to hear what Mr, Cairns thinks of this proposal. 


Mr. B. J. Ivus. 


Mr. Cairns deals with a subject which, at one time or another, comes within the scope of the duties 
of most surveyors and which is not susceptible of being governed by Rules and Regulations. In nearly 
Nit all cases the circumstances differ so much that reliance must be placed on the judgment of the surveyor 
| to soe that the temporary repairs carried out are effective and sufficient to enable the vessel to proceed 
on her voyage. 
The iss rule in such cases is to err on the side of possibly requiring too much as it is much 
better to be sure than sorry. 
Reference has been made to the question of repairs to tillers but so far as I can learn such cases are 
so infrequent that it is scarcely worth while discussing them. 
There does not appear to me to be much objection to a vessel being on the “ Special Reasons” List 
as this is published for the use of surveyors only and is not available to anyone else, 


Mr. W. Warr. 


Mr. Cairns has added one more useful paper to the number which has been contributed by members 
of the Staff Association, 
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The question of temporary repairs is one of the most difficult problems which confront the Surveyor, 
for he has to take into consideration many factors, such as extent and nature of damage, material 
available at the port or in the immediate vicinity, time available for repair, and risk of a voyage in a 

rtially crippled condition. In addition there are the legal questions pertaining to demurrage and 
insurance of ship and cargo. 


It is often necessary to take some risk in bringing a badly damaged vessel to a port where repairs 
can be effected in an efficient and economical manner, and the Surveyor has to decide promptly whether 
he will recommend the continuation or suspension of the vessel’s class during the intervening period. 
Where the element of risk is great the question is scarcely open to doubt, but having in view the fact 
that many vessels have made long voyages in a badly damaged condition with only the crudest form of 
temporary repairs, it would appear that, particularly where a double bottom is fitted, the element of risk 
is not so great as is popularly supposed. The real test is, can the vessel carry dry and perishable cargo ? 
If the answer is in the affirmative, there should be no doubt as to the decision regarding continuation 
of class. 


Temporary repairs should be confined to such parts as affect the seaworthiness of the vessel, and 
should be of such a character as will facilitate the work of removal for the execution of permanent 
repairs. A case came under my notice many years ago where a coasting steamer struck the ground 
forward and flooded the fore peak. Asa temporary repair the peak was filled with cement, and when 
the vessel was dry docked subsequently for permanent repair, dynamite was used for the removal of the 
cement. It was not successful as far as the cement was concerned, but it removed a large part of the 
deck above. After some discussion it was arranged to tap two small plates over the holes in the shell, 
and the temporary repair became a permanent repair, with a loss of about 20 tons in the deadweight 
of the steamer. 


In another similar case a number of empty barrels were embedded in the cement, with the result 
that only half the quantity was required, and the subsequent removal for permanent repair was a 
comparatively easy matter. 


A large cargo steamer grounded on a bank in an Indian river. A diver examined the bottom and 
reported minor damage over the bottom. The double bottom tanks were full of water, but as the bilges 
were dry, the vessel was allowed to proceed to this country. When the vessel was being dry docked 
for examination and repair it was found that she was still sinking when she ought to have been 
resting on the blocks, so the work of pumping was suspended, more water was admitted into the 
dock, and a diver was sent down to examine the bottom. It was subsequently found that the inner and 
outer bottoms were touching in several places, and a most extensive bottom damage had been sustained. 
In spite of this, the vessel made a passage from India, fully loaded. It is not suggested that this was 
the right thing to do, but it was done, and nothing happened. 


In many cases the best temporary repair is to leave things alone. A case came under my notice in 
Glasgow, where a large passenger steamer sustained a sharp indent just clear of the centre girder. ‘The 
keel plate, keel doubling, garboard plate and centre girder were sharply buckled, forming an indent 
about 18 inches in diameter and 4 inches deep. The work had been machine riveted and it was felt 
that, as no leakage had taken place, any attempt at repair short of complete renewal would be less 
satisfactory than the existing indent, so it was decided to leave well alone. 1 was glad to be informed by 
Mr. Cairns to-day that the job was found tight after the expiration of a number of years. 


Repairs to broken and wasted stern frames are common, but are not always very efficient. In some 
cases doubling plates or bars have been fitted to the sole piece to compensate for wastage, but the 
hole for the last bolt or rivet has so weakened the already wasted section that the cure was worse than 
the disease. 


A cast steel rudder stock fractured above the coupling with a splice shaped fracture, but the vessel 
sailed 500 miles with no other repair than a 14 inch pin driven into a hole which was drilled through 
the line of fracture, and some wedges inserted at the deck to prevent the stock lifting. 


The days of dismantled sailing vessels are almost past and gone, but some of our older colleagues 
could tell wonderful tales of temporary repairs in remote parts of the world. 


Tue PRESIDENT. 


Mr. Cairns has chosen for his paper a very old subject, but it is one which will prove very interesting 
not only to the Surveyors stationed abroad but also to those at the home ports. 

As an additional instance of what may be done in the way of temporary repairs, the case of a vessel 
of about 8,500 gross tons might be mentioned. The vessel was built in 1901, was stranded in 1908 and, 
after temporary repairs had been effected, was brought to this country from the Far East in order to 
undergo permanent repairs with a view to re-classification. Some idea of the extent of the damage may 
be realised from the fact that the permanent repairs entailed the reconstruction of the whole of the 
bottom plating up to and including the turn of the bilge. Where the damage had extended outside the 
tank margins, cement had been used, generally without any reinforcement. The cement work especially 
at the forward end of the vessel was extensive and quarrymen were engaged to remove it by means of 
drilling and blasting ; this work was so well done that the structure of the vessel suffered no damage on 
this account. 

A somewhat ingenious temporary repair had been effected to the stern frame. The whole of the sole 
piece and the propeller post up to within a few inches of the boss of the propeller post had been lost. 
The temporary repair consisted of the riveting of two lengths of locomotive rails to each side of the 
existing rudder post, the rails extending below the original position of the lower gudgeon with two strong 
angle bars a few feet in length bracketed and riveted to the lower end of the rails. In order to give some 
measure of support to the rudder post three sets of diagonal stays were connected between the post and 
the port and starboard shell plating. 

It might be mentioned that while the permanent repairs were being carried out the engines and 
boilers of the vessel were supported on the bottom of the dry dock by means of cradles and that the hull 
of the vessel was supported by two rows of timber shores. 

It may be of interest to note that the aforementioned vessel had, with the temporary repairs effected, 
been enabled to make a voyage of about 8,200 miles from the Far East to this country under her own 
steam and, also, that after partial reconstruction she was in commission for about 12 years at the end of 
which time she was eventually wrecked. 

The author states that twisted rudder stocks may in certain cases have a solid piece welded into the 
old key seat. In many cases it will be found that the amount of twist is slight and if it is not more than 
half the width of the key seat a permanent repair can be done by fitting a stepped key. Where it may 
be necessary to cut a new key seat in the rudder stock the welding up of the old key seat is not necessary 
as it does not add to the strength of the stock. 

As regards stem and bow plating damage it is sometimes necessary, even in this country, that 
temporary repairs should be effected. In many cases the damage will be confined to within a few feet 
from the stem and an efficient repair may be effected by building a cofferdam with planks and running 
cement into the space in way of the damaged stem or stem plating. Generally at repairing works there 
are plenty of old furnace fire bricks available and these may be dumped in with the cement, thus serving 
the same purpose as that suggested by the author, namely, the easier removal of the cement when 
permanent repairs are undertaken. 

The author’s remark regarding the necessity for suitable arrangements being made to ensure that 


the crew’s quarters are kept dry is worthy of serious attention, as one may overlook this important 
requirement when considering the safety of the vessel. 


I have to thank Mr. Cairns for his most interesting paper. 


CORRESPONDENCE. 
Mr. P. I. Api. 


I have read Mr. Cairns paper with interest and pleasure. He has given us typical cases of damage 
requiring temporary repairs, and has practically covered the ground, except that no two cases present quite 
the same difficulty, each having to be dealt with on its own, so to speak. In the case of one steamer of 
3,700 tons gross, Some years ago, where the stern frame had been broken, as represented in Fig. 1 in the 
paper, whilst entering dry dock at Montevideo stern first, except that it was broken off in line with the 
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after end of the propeller post and the sole piece lost, the rudder post was recovered by a diver and used 
in the temporary repair attached at its upper part with forged steel slabs. Cast steel slabs, for want of 
other suitable material, were used to form the sole piece and heel brace. At this port we have a very 
useful obstruction, to ship repairers, at the entrance to the Nero Port, in the form of an unknown 
submerged object not very far from a stone breakwater. Steamers that enter the Nero Port bow first and 
leave stern first find this obstruction frequently with their rudder and stern frame, and the propellers on 
several occasions have also been broken. 

The repair is made easier when the top brace is left intact on the stern frame to take the weight of 
the rudder on a turned steel ring. In cases where the rudder post is lost cast iron braces with no more 
than six rivets through the plate and angle temporary stern frame have been found quite efficient, one 
steamer repaired in this way having made asecond River Plate voyage before a new stern frame was fitted. 

In Fig. 1 the 1 inch side plates are carried much higher than necessary, there being no occasion to 
drill fresh holes in the after garboard plates, and the sole plate may be considerably increased in width 
with advantage to take the thrust of the rudder, this method being cheaper and entailing less work than 
fitting the bent top plate of the sole piece ; cast iron distance pieces are riveted between the side plates 
of the sole piece, the heel braces forming the after distance piece. In the event of there being no brace 
left on the rudder post perhaps the author will state his opinion as to the best method of supporting the 
weight of a heavy rudder for a voyage of, say, 7,000 miles. 

The main piece of a rudder was recently repaired in the following way. The frame of poor quality 
cast_steel was broken in several places, leaving the coupling and two arms intact with a length of nearly 
15 inches below the second arm from the top; a circular coupling was forged, turned, screwed and keyed 
on to the remaining part of the main piece below the second arm, and the lower part of the main piece 
was made from an old shaft with a coupling and fitted with temporary cast steel arms. This repair was 
made in conjunction with a temporary stern frame and part cast iron and part bronze-bladed propeller. 

On two occasions broken cast steel rudder heads have been faced with soft iron and welded under 
the hammer. In one case 15 inches had to be cut out on account of the casting being hollow in its 
centre at the fracture, and in the other case the vessel made a second River Plate voyage before a new 
rudder head was supplied at a home port, and on examination no defect had developed in the welded 
casting during the round trip. Both these vessels were under a foreign flag and had in each case an engineer 
who was at the same time a skilled blacksmith and able to make successful tests by welding from small 
pieces cut from the edges of the keyways before either repair was recommended. This repair was 
suggested by the usual practice of welding hard cast steel to soft iron in the common table knife, and 
which seldom, if ever, has been known to part. As nearly all rudder heads are kept close to the stern 
frame there is no chance of fitting a sleeve coupling in these cases except by reducing the diameter of the 
broken rudder head, this repair being only suitable to the mainpiece of the rudder, and as the author 
says each case must be dealt with on its merits as it comes along. 

In the case of the repair shewn in Fig. 9, should a 3 inch drain pipe be required to carry away 
water leaking in so far below the light load line there would be little chance of making a successful job of 
the cementing, more especially with a vertical drain pipe as indicated ; most of the leakage is generally 
stopped by a diver with grease composition, wedges and plugs being used, and if these can be inserted, 
which is often not the case with started seams and rivets, and when the leakage is reduced to a minimum, 
the drain pipe is put in horizontally. A lead pipe is often most easily handled and easy to close up; a 

uick setting hydraulic cement is used first, and when all leakage is stopped, except that drained off by 
the pipe, a perfectly safe temporary repair can be completed with a good class of Portland cement and 
sand. The Surveyor should bear in mind that it is easier to put the cement in than it is to cut it out, and 
never to have wood grounds forming a water way past his cement repair. 

Several cases of loaded vessels holed by sitting on anchors have been temporarily repaired when the 
damage has been in the double bottom by a diver placing a plate like a manhole door over the hole with 
a soft rubber joint. Access can be obtained to No. 1 tank by cutting a vertical manhole door in the fore 
peak bulkhead floor, vertical for passing in buckets with cement, the patch can then be screwed up with 
a dog or dogs and cement laid as found necessary and the hole cut in the bulkhead is covered with 
a plate. No. 2 tank can generally be entered from the stokehold end of the ordinary cargo type of vessel, 
or from No. 3 tank as the case may be, and the after tanks from the tunnel, it being cheaper to even cut 
a manhole through the centre line than to discharge a fully loaded vessel, permanent repairs presenting 
no special difficulty afterwards. 


Hi 
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Holes caused in old vessels by sounding rods are fairly common and can be also repaired readily with 
a patch like a donkey boiler sludge-hole-door with a dog in the bilge or tank, the water pressure will keep 
the patch tight against a soft rubber joint and cement is laid internally. The edges of the plate can be 
bevelled, the cement laid to useful thickness and shored down if deemed necessary ; this is suggested as an 
easier repair to effect where a diver is available, than that shown in Fig. 6. 

In one case, during war time, of bad fire damage in all forward holds, the remains of what had been 
the saloon and bridge having settled down into No. 3 shelter deck, temporary repairs were carried out for 
one voyage by raising and temporarily repairing the cabin and officers accommodation using only 
unfinished material, shoreing up badly buckled decks with timber and stiffening same with fore and aft 
bulb angles on wood grounds, and repairing bulkheads with part new plates and angles. The weather 
deck (wood) was renewed with 2} inch planks and made tight ; started shell plates in part riveted and 
seams caulked. This vessel ran for about two years before permanent repairs were carried out. The 
steering gear rods, telegraph connections and essentials were of course made good. 

In cases where the stem plating has been badly crushed and a repair by cement has been decided 
upon, for the purpose of making it easier to remove the cement subsequently for a permanent repair it 
is advisable to fit the wood casings in the form of a core box rather than filling in solid with cement. A 
sailing vessel in one case when a dry dock was not available was drawn into the mud bank of an island, 
a hole dug in the mud and kept dry with a hand pump, permanent repairs were effected down to the 
gurboard strake, new plates and frames fitted and only the lower rivets were subsequently put in when 
the dry dock was available. In cases of stern damage due to collision in which Contractors have been 
me the option of effecting temporary repairs by either planking or plating over the damage, plating 

as in most cases been the method of repair, chiefly on account of time lost or anticipated in working 
with wood and metal workers on the same job and at the same time, the time factor being of such great 
importance when effecting temporary repairs to a loaded or chartered vessel at a foreign port. The 
question of having to decide as to whether permanent or temporary repairs are in the best interests 
of all concerned involves, as the author states, a number of questions and incidentally all the interests 
concerned. Deep loaded vessels cannot be dry-docked in the River Plate for two reasons. ‘There is seldom 
sufficient water over the sill of the dry docks, and the dry docks are owned by the Government, whose 
requirements are inflexible regarding loaded vessels having to discharge before entering dry dock. 


Mr. J. A. C. von Rosen. 


In connection with Mr. R. D. Cairns’ interesting paper on “Temporary Repairs,” permit me to 
send the following notes, taken from the note-book and intended to be perused before commencing a 
seaworthiness survey, 

We have had a great number of surveys in Denmark on damaged vessels “afloat,” which after 
grounding in the Baltic entered the port of Copenhagen to be examined by a diver and obtain a 
seaworthiness certificate, in order to proceed on their voyage or to home ports for permanent repairs ; 
some of the vessels had already been temporarily repaired by salvage operators. 

Seaworthiness certificates are given to vessels after grounding on the following basis :— 

(a) The journal and soundings. 

() The journal, soundings and a diver’s report. 

(c) The journal, soundings, the diver’s report and examination of the damage or the 
temporary repair from the inside of the vessel, as far as possible. 

(1) Note the vessel’s draught and any list. 

(2) Note whom the various persons present are representing. 

(8) Journal. Further information regarding the grounding and the condition of the 
vessel (the agent’s requirements regarding the certificate are collaborated) are obtained from 
the Captain and the chief-engineer. 

A plan of the vessel is to be produced to ascertain the position of the damage in relation 
to the vessel’s compartments ; the compartments are noted for use when soundings are taken. 

(4) Diver’s report. 

(5) The vessel’s compartments to be sounded twice, at an interval of two hours; the 
Surveyor must satisfy himself that no pumping takes place in the meantime. 
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Are any of the ballast tanks full (the water in the sounding pipe being flush with the 
vessel’s waterline) then this tank must—in order to ascertain that it is not in connection 
with the sea—be pumped out until the water in the sounding pipe sinks to about one foot 
over tank top. 

(6) Examination of damage, &c., from inside. 

Part of the cargo eventually to be shifted for this purpose. 

Ballast tanks eventually to be emptied for examination. 

Where only the bilges are damaged, the double-bottom tanks should be sounded also, 
to ascertain that the tank sides are tight, in case the tanks are to be used on the passage. 

In case a vessel is allowed to proceed on “her double-hottom,” the condition of the 
same must be examined, especially under the boilers. 

(7) Temporary repairs. 

(8) If the vessel has any considerable list she has to be righted, in case of vessels with 
deck cargo ; the deck cargo to be re-stowed and secured if necessary. 

(9) General examination of vessel. 

(10) Extra pumps may have to be placed on board. 

(d) The journal and examination of the vessel in dry dock. 

(1) When a damaged vessel has to be placed in a dry dock as much repairiug as possible 
should be effected, since there is little excuse for taking risks, 

(2) Should an owner's dispositions, however, require that the temporarily repaired vessel 
leaves the dry dock without further repairs being effected, the original external repairs put 
on the vessel when afloat, should now be carefully examined, as they most likely have given 
way during the docking ; they are eventually to be overhauled or renewed. 

In judging the condition of the original external repairs, it must be remembered, that 
the vessel was only “floated” into the port by the salvage operators at a minimum of 
expense, the vessel often accompanied by a salvage steamer. 

The interests of all concerned, the crew, the owners, the cargo and the insurance, have to be equally 
taken care of, when the Surveyor gives a vessel a seaworthiness certificate. 

Except in case of smaller damages, a certificate should only be given to the port of destination 
where the captain may obtain a fresh certificate if he wants to proceed further with his vessel in the 
damaged condition. 


Mr. O. NarBerTu. 


The subject of Mr. Cairns’ paper is one that is of absorbing interest to the Ship Surveyor and has 
been very ably treated by the author. 

The paper calls, not so much for criticism, as it does for recollection, and I have no doubt that all 
Surveyors who have had much experience will recall many interesting cases which have called for 
temporary repairs. 

A very simple case requiring to be dealt with occasionally, and not mentioned by Mr. Cairns, 
is the case of a serious leak in an oil tanker caused by one or more rivets dropping out of the shell. 
‘The officers of a tanker are generally very expert in “fishing” a bolt into the hole by a process too well 
known to be described. And where the leak is too serious or too difficult to be dealt with, the tank is 
pumped out until the pressure of the water becomes equal to the pressure of the oil in the tanks. 

A rather alarming accident occurred here during the war period when a vessel fully loaded with high 
explosives rammed a concrete wall and bent the stem and plating of fore peak through an angle of about 
90 degrees, presenting a solid wall which would seriously impede the progress of the vessel. In this case 
the usual wooden bulkhead was built in the fore peak, the space forward of same filled with concrete, and 
a false bow of rather thin plating built as a temporary convenience. With this repair the vessel crossed the 
Atlantic. 

Vessels struck amidships are sometimes dealt with as in one case where a great gap was cut in the 
side, the vessel being loaded with lumber, a great quantity of which was above the upper deck. She was 
placed in dry dock, planked in way of the cut and crossed the Atlantic. As a precaution against sinking 
she was furnished with two Worthington pumps, which I am informed were not used on the voyage. 
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Not long since a vessel was in collision in this river, a hole about 30 feet long cut in the side, 
cutting into the tank margin and to nearly the middle line of the main deck. The vessel of course sank. 
The bent plating was cut off under water and removed. The side was planked with 4 inch planks, 
supported by 12 inch by 12 inch timbers about 5 feet apart, shored from the tunnel, hatch coamings, etc. 
The planking was covered by canvas on the outside. At low water one day salvage pumps were started 
and the vessel soon floated. She was placed in dry dock for the purpose of examination by contractors 
and the successful bidder being a New York firm the temporary repairs were very slightly amended 
and the vessel made a successful trip to New York. 


Mr. G. Dykes. 


Mr. Cairns has given in his most interesting and instructive paper most important information and 
sketches which can be used for reference in similar or other cases where temporary repairs have to be 
carried out. 

The Surveyors stationed at foreign ports have to deal extensively with this class of repair, and it is 
of great importance that the Surveyor should take into consideration the nature and extent of the 
temporary repair required for the intended voyage. 

In such cases it is not only necessary after the extent of the damage has been defined that the 
Surveyor gives his decision clearly and promptly what his necessary requirements for the temporary 
repairs are. One often finds with such temporary repairs that the filling in of spaces with cement is 
much oyerdone ; a layer of cement not exceeding 8 inches in thickness next to the plating is more than 
sufficient. Where, however, it is decided to fill in the bilge pockets with cement to the height of the 
tank top, the cement should have as many empty tins or pieces of wood as possible mixed in with the 
cement. 

This greatly simplifies the removal of the cement when permanent repairs are carried out. 

Cases have come under my observation where it has taken from three to six days to remove the solid 
blocks of cement before the repairs could be fully undertaken, thereby causing unnecessary delay and 
expense, 


MEETING OF THE NEWCASTLE BRANCH OF LLOYD’S REGISTER STAFF 
ASSOCIATION. 
17th January, 1924. 
Mr. F. R. Noron in the Chair. 
Mr. G. L. Brown. 


A paper on temporary repairs is difficult to discuss and almost impossible to criticise. 

A Surveyor dealing with temporary repairs is hampered and bound by considerations of time taken, 
and cost, materials, labour and plant available, and as explained in the paper, considerations of voyage 
(cargo or ballast, time of year, etc.). It follows, therefore, that repairs described in the paper may seem 
to critics ignorant of the actual conditions either excessively strong or excessively slight, while if the 
conditions were known they would cease to be critics. 

I feel that the paper would have been more useful if it had indicated in more detail the various 
artifices that might be used in difficult cases to stop the run of water in the space to be blocked by 
cement, to hasten or retard the setting of the cement, to fill a hole by “fishing” for a bolt orsoon. But 
in any case one cannot but ask some questions about this paper. For example : 

In the repair sketched in Fig. 4, where a clamped gudgeon of “brass” is fitted —What kind of brass 
was able to stand the closing of the flanges after the gudgeon was slipped on ? Whether the closing was 
done hot or cold? I know of no brass that would stand it either way—unless phosphor bronze was used, 
and then it would require most careful handling. 

The repair described in Fig. 12 provokes the question: Why were the wooden bulkheads abaft the 
cement sheathed with felt on one side and sheet iron the other ? Why were they sheathed at all, and 
if sheathed, why this special sheathing ? One would have thought a wooden bulkhead unsheathed could 
have heen made tight enough and strong enough to form a shuttering and backing for the cement. 
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In Fig. 1 one is obliged to wonder why it was necessary with a fracture in the middle of the heel 
piece to extend the depth of the side straps so enormously at the forward end and to carry the rider plate 
so far up the body post. 

One would have thought that a pair of channels with a foundation plate would have been sufficient, 
but here again we don’t know the conditions that had to be worked to when the repairs was done. 

In my jexperience, temporary repairs that have come under my examination have practically in every 
case proved sufficient, showing, I think, that a Surveyor in arranging them takes care if he errs at all to 
err well on the safe side. 


Mr. Cairns deserves thanks for a paper that must sometimes prove useful to a Surveyor faced with 
the problem of an awkward temporary repair. 


Mr. J. Macponaup. 


The discussion of Mr. Cairns paper will add to its interest, and the Surveyors at foreign ports will 
no doubt forward many alternative forms of temporary repair. 

On page 1 the author states that in the case of a slight side damage well above the water in a vessel 
in alight condition that the damaged part could be quite efficiently “boarded up.” I should have 
preferred to harden up defective rivets, fit bolts where necessary and recaulk the seams. 

With reference to the heavy brass clamp forming a temporary gudgeon, Fig. 4, in my opinion it 
would not generally be so readily obtained as the ordinary forged gudgeon which has been frequently 
fitted as a permanent repair, with 4 or 5 rivets through the stern frame. 

Regarding the twisted rudder head—excepting in extreme cases—a common method of temporary 
repair, to enable a vessel to complete her voyage, is to adjust the lengths of the starboard and port 
steering chains. In Mr, Cairns method, I should not have considered it necessary as a temporary repair 
to weld a solid piece into the old key seat or anneal the rudder head. 

I shall be glad if the author will further explain how he proposes to confine the water to the 3 inch 
pipe—Fig. 9—as there would be considerable difficulty in making its lower end tight with clay. 


REPLY BY THE AUTHOR. 


Mr. Sneddon’s remarks are very helpful as, after all, the main thing is to endeavour to make the 
repair as effective as time and materials will permit. It sometimes happens that an extension of time is 
required before a permanent repair can be effected and it is well to know that the temporary repair is 
reasonably efficient to meet such a contingency. The case he cites of docking a loaded vessel and 
removing the keel blocks, then resting her on deal planks placed on the dock bottom was very effective to 
avoid straining and quite good in a case of bow damage. 

The points raised by Mr. H. Thomson are very much appreciated and I will endeavour to reply to 
them in seriatim. 

Referring to Figs. 1 and 2 where 1 inch thick plates were used I must say I rather favour the use of 
plates of this thickness where rigidity is required and where a certain amount of reinforcement is useful 
on fractured castings, and with reasonable care during riveting little difficulty should be experienced in 
getting sound work, as will be seen from Fig. 2 the flanges of the plates were made 7 inches to ensure 
good riveting. 
~~ Tam very glad Mr. Thomson raised the question of the duration of time a vessel which has had a 
repair carried out by Electric Welding should be noted in the “ Special Reasons’ List,” as it is one that 
merits consideration. My own experience is that after the second docking, say, one year from the time 
when the repair was made it is very difficult, due to rust and paint, to trace the actual outline of the repair, 
and even when the rust and paint has been scraped off round the area it is more than difficult to 
determine, in most cases, whether the original crack or flaw has extended. In the majority of cases, 
unless there is direct evidence that either the welding is not sound or that the original crack or flaw has 
spread beyond the limits of the weld, I would be inclined to say that at the third dry docking or a period 


of about 18 months from the date of the original repair the record might be deleted from the “ Special 
Reasons’ List.” 
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With regard to the repair to a broken Tiller or Quadrant Arm, Mr. Thomson questions the fact of a 
tiller being broken and on looking over my notes I find the repair quoted as per Fig. 5 was actually to a 
quadrant arm, and I cannot recall any case that has come within my own experience of a single arm 
tiller having broken. 

The use of Air Compressors as a temporary means of buoyancy to enable a vessel whose holds are 
badly pierced to be transported from one point to another is one of which I have no direct experience, 
but I must say I would be very chary of issuing a Seaworthy Certificate in such cases as there is always 
the risk of such compressors breaking down or of some considerable leakage taking place and destroying 
the air pressure with a consequent loss of buoyancy. Such cases are much more directly the concern of 
the Salvage Association than of the Surveyors to this Society, who by issuing a certificate would 
directly accept the responsibility for the safety of the vessel when the means of ensuring same is 
beyond their control. 

I quite agree with Mr. Ives that care must be taken and due caution displayed in effecting temporary 
repairs, as it is better in most cases to be sure than sorry. Mr. Ives is quite correct when he states that 
vessels noted in the “ Special Reasons’ List ” are not subject to any penalty by the Underwriters, as this 
list is only kept for the use of the Surveyors and is not open to the public, and cannot be used as a 
means to increase premiums. 

Mr. Carnaghan has contributed a valuable addition to the paper under discussion which is much 
appreciated. As he also suggests a stepped key for rudder stocks in place of welding, I feel sure it must 
be a better job. The suggestion to use old fire bricks along with cement is quite valuable and should be 
cheap enough as bricks are in most cases easily obtainable. 

Mr. Watt had certainly an unfortunate experience of cement in the fore peak. I must say I have 
never come across such an extreme case, but it is well to know such a thing can happen, a fact which will 
make us all careful, no doubt, not to resort to the use of cement in large quantities unless some measures 
are used to ensure that it can be removed later. The empty barrel scheme is quite ingenious and well 
worth noting. Certainly, as Mr. Watt says, in many cases it is just as well to leave things alone unless 
there is actually a hole in the plate or danger of damaging cargo. 

Mr. J. A. ©. von Rosen’s notes taken from his note-book are very interesting and certainly act as a 
full and comprehensive guide to all the precautions to be taken in cases of grounding or presumed damage 
after grounding and I would like to thank him for giving us the benefit of them. 

It is very nice to think that Mr. Geo. Dykes has taken part in this discussion and to feel that 
although he has retired from active service he still takes a keen interest in what is being done. I note 
Mr. Dykes also objects to too much cement being used for temporary repairs and I feel like him that in 
many instances it is overdone, but in some cases discretion is the better part of valour, especially where 
human life and perhaps valuable cargo is involved, but some means are nearly always available to ensure 
that the cement does not become a solid lump. 

I have to thank Mr. Adie very much for the splendid contribution he has made to the subject under 
discussion. Mr. Adie with the very large experience he has had abroad has come across some very interesting 
cases of temporary repairs and I am sure we are all very much obliged to him for giving us the benefit of 
his experience by describing a number of them and thereby adding to our stock. He agrees that each case 
must be judged on its merits and on the facilities at hand for dealing with it, but the more we have seen 
or had described the better able we are to handle such cases as they come along. Mr, Adie suggests a 
case where all the sternpost gudgeons are gone. This is somewhat unlikely, and the rudder would also be 
gone under such circumstances. One method of supporting the rudder under such circumstances would 
be to have a collar shrunk and pinned on the rudder stock and fit a steel washer at the tiller or quadrant 
to take the weight with gudgeons with jaws bolted to the sternpost to steady the rudder or fit steel 
washers at each gudgeon, each taking part of the weight and relieving one another as they become 
worn. 

Mr. Narbeth has also added materially to the list of temporary repairs by giving us a number of very 
interesting cases which he has dealt with and I would like to thank him very much for doing so as 
it is by this means that we can enlarge our knowledge and realise to what extent temporary repairs 
have been successfully carried out. 

I would like to thank Mr. G. L. Brown for his remarks and note he agrees that it is, after all, 
the conditions as to cargo, weather, etc., along with the facilities at hand that are the determining 
factors in cases of this kind. With revard to his question about the sheathing of the wooden bulkheads 
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referred to in the case illustrated in Fig. 12, that is exactly a case in point, the vessel had passengers and 
the Emigration Authorities would not permit her to sail without the wooden bulkheads being sheathed 
as described and they were the “ determining factor” in this case. One point also of interest in the same 
case not mentioned in the paper was that we used the seamen’s and firemen’s bunks, the spring beds 
and the iron stanchions as reinforcing materials in the cement. The brass gudgeon illustrated in Fig. 4 
was slipped on to the post and heated slowly with blow lamps and gradually worked into position and 
showed no sign of fracture after being bolted. The brass was of the ordinary composition used for top and 
bottom end brasses and was made from material in stock in a small engineering shop. The repair to the 
sternframe described and illustrated in Fig. 1 was a war time job and no one knew ie long it might be 
necessary to run the vessel before a new post could be obtained. The method described by Mr. Brown was 
actually discussed but after due consideration it was decided to carry out the repair as described in order 
to be sure that the vessel could safely run for some time and not be held up at some other port at a much 
more inconvenient time. 

I am sorry if I misled Mr, Macdonald in referring to a slight side damage well above the water line, 
but what I meant to convey was a case where there was an actual hole and not merely indented plating 
and started riveting. The case I had in mind was one when the anchor of the other vessel had made a 
hole in the side of the vessel she struck. 

The forged iron gudgeon referred to by Mr. Macdonald is frequently used as a permanent repair, but 
in the case referred to one could not be so easily obtained and as the vessel was urgently required the 
brass clamp was fitted and was only quoted to show another method of doing an ordinary repair. 

In such cases as that described and illustrated by Fig. 9, soft wood wedges are used to stop the leak 
and allow cement to be filled in, but it very often happens that there is a broken rivet or a small point 
where the wedging is not effective and to enable the inrush of water at this particular point to be dealt 
with until the cement can get a chance to set, a pipe of convenient size is fitted over it held in position 
by cement or wedging. The leak will then find its way up the pipe and the ordinary cementing can be 
done round the pipe in the bilge pocket. 

I would like to thank all the gentlemen who have taken part in the discussion very much for giving 
us the benefit of their experience, for the valuable suggestions they have made and for their constructive 
criticism. 


NOTES ON STRENGTH OF SHIPS. 


By J. S. ORMISTON. 
ReaD 20TH FrBRuary, 1924, 


The choice of a suitable subject for a paper increases in difficulty with the amount of practical 
experience which is accumulated and with the extent of scientific investigation which is done, for, 
nowadays in text-books, treatises and in the transactions of the various Technical Institutions which 
exist, the numbers of dissertations and papers published appear to increase at a more rapid rate than do 
the accumulations of experience and actual scientific enlightenment. The writer, therefore, thought 
a general title safer than a specific one. He proposes in the first part of this paper to present a few 
notes on longitudinal straining actions on ship structures and he hopes that in this portion of the paper 
he has succeeded in avoiding duplication in view of the very excellent paper presented two sessions ago 
to this Association by our Secretary, Mr. W. Thomson. 


LONGITUDINAL STRAINING ACTIONS ON SHIPS. 


- Consideration is confined to cases of cargo vessels, and such special types as vessels constructed to 
carry petroleum or other oils in bulk and ore carrying vessels deliberately designed for that purpose are 
excluded. The usual conditions are assumed throughout, namely that the vessel is momentarily poised 
at rest spanning either the trough or the crest of a deep sea wave and that pressures in the wave are 
proportional to depth below the free surface. 


For the purpose a cargo vessel of 14,780 tons load displacement and 10,360 tons cargo and 
permanent bunker deadweight has been chosen, the principal particulars being as follows :— 
Principal dimensions :—Length 450 feet, moulded breadth 56°0 feet, moulded depth 
35 feet, load draught 28 feet. 
Vessel of Poop, Bridge and Forecastle type—2 steel decks with 3rd deck in fore hold only. 
The hull weights were firstly worked out in detail the figure for hull and equipment being 
8,170 tons. For the load displacement the weight particulars are— 


Hull and equipment ... ae aes 9 re Pes 3,170 tons. 
Propelling machinery is tee a x “Ee 420 ,, 
Shafting ay a i Ror To ti is 80. «4 
Boilers Pee a ee te si A at 500 ,, 
Fresh water and stores bee oP x of a 250, 
Permanent bunkers ... a A: oe ne 7. 900'%., 
Cargo ... Ss i veh ee oa ae ve 9,460 


Load displacement . ye “S : 14,780 
These proportions represent the loading assumed in the first set of cases considered, namely, those 
for uniform homogeneous cargo fore and aft and the results have been investigated for departure and 
arrival conditions. For this set the longitudinal bending moments and shearing forces have been worked 
out for a wave length equal to vessel’s length and of varying heights, including still water conditions. 


On Fig. 1 are shown the Departure and Arrival Weight Diagram and on Figs. 2 and 8 the 


corresponding Curyes of Bending Moment and Shearing Force. 


The results there shown are as follows :— 


1 
30 


Still water 


Maximum 
Bending 
Moment. 


Foot-Tons. 
162,500 


124,900 
46,000 


HOGGING. 


Forward. 


Tons. 


1,100 
905 


380 


H=Wave Height. 


1 
20 
1 


30 


Scill water 


Maximum Shearing Force. 


Aft. 


Tons. 


1,200 
895 
885 


Maximum 
Bending 
Moment. 


Foot-Tons, 


80,500 
38,500 


L.=Vessel’s Length. 


DEPARTURE CONDITION—Loap DispLaceMENT 14,780 Tons. 


SAGGING. 
Maximum Shearing Force. 


Forward. Aft. 


Tons. Tons, 
670 650 
440 480 


ARRIVAL CONDITION—DiIspLacEMENT 18,630 Tons. 


Maximum 
Bending 
Moment. 


Foot-Tons, 


195,500 


157,500 


86,700 


HOGGING. 


Maximum Shearing Force. 


| 
Forward. 


Tons. 


1,320 


1,010 


550 


Aft. 


Tons. 


1,520 


1,290 


850 


Maximum 
Bending 
Moment. 


Foot-Tons. 


40,000 


* From Fig. 3 


are two maxima in each body. 


SAGGING. 


—" 


Maximum Shearing Force. 


Forward. Aft. 


Tons, Tons. 


250° 390° 
420 360 


it will be seen that there 


The arrival condition assumed throughout the paper is the usual one, namely, all bunker coal, fresh 
water and stores consumed, 


Fig. 4 represents the foregoing bending moments set off as ordinates with the wave height as 


abscissa. 


From Fig. 4 it will be seen that range of bending moment is approximately the same for 


departure condition as for the arrival condition and hence also the range of the corresponding longitudinal 
stress at the top and bottom of the girder. 


From the figures in the above table and from Fig. 4 it would appear amongst other things that the 
change in sign of bending moment does not take place at still water condition, but actually after the 
trough wave profile has begun. 
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The intensity of longitudinal stresses arising from the foregoing bending moments are as follows :— 


DEPARTURE CONDITION. 


| | 


HOGGING. | SAGGING. 

H 

imme a eeeneres - —} —— 

L Deck. ! Keel. Deck. | Keel. 
= -| 2 ee eet 
| Tons per Square Inch. Tons per Square Inch. | Tons per Square Inch. Tons per Square Inch. 
| | 
vo + 71 — 5rd — 35 + 27 
| | | 
| a‘ | + 5% — 42 - 17 + 13 
. | 
Still water + 2°0 — 1°55 = = 

| 1 


ARRIVAL CONDITION. 


| 


| 
| HOGGING. SAGGING. 

H | 
| Ue Poe oat) are eee Te ee : 
| Deck. Keel. Deck. Keel. | 

| Tons per Square Inch. | Tons per Square Inch. Tons per Square Inch. Tons per Square Inch. | 
| | } | 
ao + 86 | — 6% — 175 + 1°35 
} | | | j 
| | { } 
so + 70 — 52 — — 
| | | 
Still water + 3'8 — 29 — _— | 
" 1 
' i | 


+ indicates tension. — indicates compression. 


P These stresses will be considered later in conjunction with the stresses for other conditions of 
loading. 

The foregoing Tables thus provide a statement of the longitudinal stresses induced on the material of 
the deck and the bottom shell plating for heavy and fair weather. The maximum stresses induced are 
tensile and are borne by the top member of the girder, namely, the deck plating, while the greatest 
compressive stresses induced are borne by the bottom double structure of the vessel which from its 
relatively high strength and stability is better constructed to withstand compressive stresses than the top 
flange of the girder. It must not be forgotten, however, that to the foregoing longitudinal bending 
stresses on the bottom shell plating must be added the “ water pressure” stresses on the plating between 
its points of supports, namely the framing, and stresses arising from transverse straining. 

The natural deduction to be drawn from the above stresses, bearing in mind their comparative 
nature and that the usual static assumptions are probably pretty severe, is that the modern ship structure 
has peak strength and to spare and that possibly some reduction therefrom might reasonably be 
considered. 

Such a condition of uniform homogeneous loading in the fore and aft direction is not, however, 
always experienced with the ordinary cargo vessel, indeed, it might be safe to say that on the great 
majority of sea voyages the general cargo vessel is not thus loaded. 

In view of this, consideration is next given to investigation of the main structural stresses for 
variations in the loading and, as will be noticed, the amount of bunker coal carried in the case of steamers 
and of fuel oil in the case of vessels having oil engines are almost if not (in some of the cases) as 
important as departures from uniform Joading of the cargo itself. 
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In the set of cases already considered a minimum amount of bunker coal was assumed to be carried, 
namely, 900 tons, but in some trades the exigencies of economics combined with the distance covered 
demand that a much larger amount of bunker coal be carried, and the total weight of “ paying” 
deadweight is correspondingly reduced. 


With a view to seeing how this affects the main structural stresses, three more sets of cases have 
been investigated, two of them being at the load displacement, namely, 14,780 tons, while the third set 
is for a displacement less than load, namely, 11,000 tons. These represent the displacements in the 
departure condition. They are for a vessel of the same dimensions and weights of hull and machinery 
already set forth, the propelling machinery being of the reciprocating type. 


The amount of cargo carried in each hold together with the weight and position of the bunker coal 
are indicated in Table 1 below where for convenience of reference the corresponding amounts of 
cargo and bunker coal carried in each hold for the uniform homogeneous loading fore and aft already 
considered are also given. 


In addition, two sets of loading are detailed, assuming that the vessel is fitted with oil engines for 
propulsion in lieu of a reciprocating set. The length of machinery space when fitted with propellin 
machinery is 69 feet, while when fitted with oil engines it is 56 feet. The 69 feet is an actual length an 
the 56 feet assumed is based on an average ratio of the lengths of space required for reciprocating 
propelling machinery and oil propelling machinery respectively. The total weight of the oil engines has 
een taken as being equal to that of the engines and boilers of the reciprocating set. 


TABLE 1. 
Case. 1 2 3 4 5 6 
: C: a ic d © d C d C a | oO d 
wating onan, | pest | Chaka a” | Geena Geese «| "Geeee sat | eno on 
SS ad se ee ee ee ee 
No. Tons. Tons. Tons. Tons. | Tons. 
1 (ForD.) 1,550 800 300 300 200 
2 2,210 2,500 3,000 8,000 1,200 
3 770 1,110R.B.} 1,110R.B.} 1,200 1,110 R.B. 
In bridge ... cee 740 1,000B. 1,000B. 800 1,000B. 
ecsere oo 900B.| 1,000B. | 1,000B. 9500.F.| 1,000B. 
4 2,710 2,700 8,200 8,290 1,300 
5 (AFT) 1,480 1,100 600 750 400 
Total cargo and : 
eas Baap sa 10,360 | 10,210 10,210 10,290 6,210 
B = Permanent bunker coal. R.B. = Reserve bunker coal. O.F. = Oil fuel. 


In Cases 1, 2, 8 and 5 the propelling machinery is of steam reciprocating type; in Cases 4 and 6 it 
is of oil engine type. 


Cases 1, 2, 3 and 4 refer to the vessel when loaded down to her load draught, that is to load 
displacement of 14,780 tons. In Cases 5 and 6 the displacements are respectively 11,000 tons and 
11,250 tons. Cases 3 and 4 are comparable ; the same remark applies to Cases 5 and 6. 
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The bending moments and shearing force curves together with the corresponding weight diagrams 
are shown on Figs. 2, 8, 5, 6, 7, 8 and 9. The maximum bending moments, shearing forces and 
corresponding stresses are tubulated below in Tables 2 and 3, both for departure and arrival conditions, 
and in Table 4 below, the stresses are tabulated so as to indicate also the range of stress at the deck and 
at the bottom in each case. 


TABLE 2. 
DEPARTURE CONDITION. | 
HoGGina. SAGGING. 
Case. Corresponding| Stress intensity. Corresponding| Stress intensity. 
Maximum |value of coeff. __| Maximum |value of coeff. 
B.M. Cin WL B.M. Ginttedet) sale t . 
| ioe Deck. Bottom. c Deck. Bottom. 
Foot-tons. Tons per | sq. inch. Foot-tons. | Tons per |isq. inch. 
1 162,500 41 +71 —d'4 80,500 83 —35 | +2°7 
2 81,000 82 +3°6 —2°7 158,000 | 438 | —6°8 +5°1 
| 3 48,500 153 +1°95 | —1'45 | 190,000 BY) —84 +63 | 
| 81,500 82 +36 | —27 | 161,000 41 —71 | +54 | 
| (oil engines) 
5 42,000 159 +1°85 | —1'4 181,000 37 | —8'0 | +60 | 
6 ~ il ae 2 eS 61 —48 | +36 
engines) | | 
7 (ballast: _— —" | ~— =| +190;000'| 35 —8'4 +6°3 
| condition) | 
ARRIVAL CONDITION. 
1 195,500 34 +8°6 | —65 | 40,000 167 —175 = + 1°35 
2 180,000 87. | «+79 | —60 50,000 188 | —22 | 41°65 
3 148,500 | 45 +65  —4'9 87,100 76 | —3°8 +2°9 
4 105,000, 68 | +46 | —8%5 | 181,000 51 | —88 | +44 | 
i | | } 
5 | 118,000 | 56 +52 —3°9 68,000 98 —30 | +2°3 
as ee ee he a oe 


In the above Table the bending moment coefficients are with reference to load displacement 
of 14,780 tons. 
+ indicates tension. W = Lead displacement in tons. 


— indicates compression. L =Vessel’s length in feet. 
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TABLE 3. 


DEPARTURE CONDITION. 


HoGe@InG. SAGGING. 
Maximum intensity Maximum intensity 
Case. Maximum 8.F. Value of Shear stress Maximum S8.F. Value of Shear stress 
| on | 
The saervoat of cxe of i tual, ied cee sem the Sweet 4 of “ 
| aft, |© im ~ Side Seam | |Cin—/| Side Seam 
Forward. . C | plating. | riveting. | Forward-| Aft. C | plating. | riveting. 
Tons. Tons. Tons per} sq. inch. Tons. Tons. Tons per} sq. inch. 
1 1,100 1,200 12°83 24 4°5 670 650 22 13 2°5 
2 490 650 23 13 2°5 1,250 1,140 12 2°5 48 
3 440 550 27 ll 2°1 1,770 1,570 83 35 67 
4 950 1,000 14°7 2-0 3°8 1,770 1,460 8°3 3°5 67 
5 250 390 38 8 15 1,600 1,300 9°2 3°2 6°0 
6 = = — | —— > 1,000 800 14°7 2°5 4°7 
| 
Ton —_— — _ — —_ 1,560 1,800 8:2 31 6°7 
ARRIVAL CONDITION. 
3 < r 250 390 ‘ 
1 | 1,320 | 1,520 | 97) 30 56 ES So 35 1-0 16 
2 1,620 1,440 9°1 | 82 671 650 550 23 1°2 24 | 
3 1,600 1,430 9°2 3°2 671 1,130 1,060 13 2°23 4°3 
4 1,000 1,150 13 2°7 4-4 1,500 1,270 9°8 30 5°7 
980 930 15 2°0 3°7 650 570 22°7 13 2°4 
¢ | el erS fae pe pee | 
| | | | \ \ 


In the above table the shearing force coefficients are with reference to the load Jisplacement of 
14,780 tons. 

The table also includes the value of maximum bending moment for the vessel when in ballast 
condition for which the weight particulars are as follows :— 


Hull and equipment... “ee ... 8,170 tons. W.B. in deep tank ... a ..» 950 tons. 
Propelling machinery ae Co ge ELUM ay Permanent bunkers ... ave s«- 2,000, ,, 
Shafting me is : Ur, F.W. and stores af re nace OLE ars 
Boilers “ Es ie ree, {sti [e aes — 
W.B. in double bottom ate toe WGGOF,1 Total + rs sveteOOO) os 


The Weight, S.F. and B.M. diagrams are shown on Fig. 10, 


‘ 


The following Table 4 shows the range of longitudinal stress on Deck and bottom plating for the 
preceding cases :— 


Srress Intensity on Deck PuaTING. 


TABLE 4, 


DEPARTURE CONDITION. 


Tons PER Square INncu. 


+ indicates tension. 


CASE. 
1 2 3 4 5 
Hogging +71 + 86 + 1:95 + 86 + 1°85 
Sagging : — 85 — 68 — 840 — 71 — 8:00 
| 
Range of Stress | 10°6 10°4 10°35 10°7 9°85 
| 
ARRIVAL CONDITION. 
Hogging + 86 + 7:9 + 65 + 46 + 52 
Sagging — "495 88 = 88 =n 58 18'0 
Range of Stress = 10°35 | 101 10°3 10°4 8:2 
ae a ee ee: See ee ee 
Stress Ivrensiry on Borrom Piatinc. Tons PER Square INcuH. 
DEPARTURE CONDITION. 
Hogging — 54 | — 27 — 1°45 — 27 — 14 
| 
Sagging BBs fli wee BAL + 63 4+ 5-4 + 60 
Range of Stress 81 7'8 ris) 81 74 
ARRIVAL CONDITION. 
| | 
Hogging — 65 — 6:0 — 49 —85 |; —8D9 | 
| 
Sagging + 1°85 + 1°65 + 2°9 + 4:4 + 23 
Range of Stress 7°85 765 78 ee 6°2 | 


" 
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From an inspection of the figures in the foregoing Tables the amount of variation possible in the 
values of the stresses at top and bottom of the ship’s section, due to departures from uniform homogenous 
loading in the fore and aft direction, can be seen. It may be stated that the various conditions of cargo 
and bunker loading shown are not fanciful but are based on actual cases. 

The figures reveal sagging bending moments of the same magnitude as hogging bending moments 
which have frequently been regarded as being the most severe longitudinal straining actions likely to be 
experienced by ship structures, and I think it will be agreed that a compressive stress of 8 tons per 
square inch is a more serious consideration than a tensile stress of the same amount. 

The general cargo type of vessel is then called upon to carry loads which are far from being 
homogeneous or uniform. Indeed, it would appear that heterogeneity is a much better description of the 
cargoes carried by the “ general ” cargo vessel than homogeneity, while uniformity fore and aft is perhaps 
not so common as variety. 

Such distributions of cargo are the more serious in that the severest stresses come on the top member 
which is composed in ordinary transverse ship construction of one thickness of steel plate without the 
assistance of any fore and aft structural members, except the usual plate deck girders, the positions of 
which being usually determined by other factors of design are not, in the great majority of cases, in the 
hest position for assisting the deck plating to withstand the longitudinal stresses which come on it. 

An interesting point to be noticed from the stresses is that it is possible to obtain more moderate 
stresses for similar distribution and equal or greater cargo weights when the vessel is fitted with oil 
engines than with reciprocating engines of the usual type. 

Much investigation has of recent years been carried out with a view, among other things, to 
determine the importance or otherwise of range of stress when unlike stresses are experienced, It does 
not yet seem to be quite agreed whether a range containing a comparatively greater proportion of 
compression than tension is more disturbing to the material than a range in which this proportion gets 
less. From Table 4 above it would appear that at a constant displacement as in Cases 1 to 4 inclusive 
the range remains practically constant, but the writer thinks it would be at once conceded, so far as ship 
structures are concerned, that of the two following ranges (taken from Table 4), the second is much 
more likely to cause the vessel to show signs of straining than the first. 


Hogging ... 


Sagging —3°5 —8'40 


Range of stress... 10°6 10°35 


The dimensions are in tons per square inch and are the stresses taken from Table 4 for the stresses 
on the strength deck plating in Cases 1 and 3, departure condition. 

The figures in the above Tables show the necessity for a very efficient top member to resist 
compression arising from sagging. 

Trading conditions, considerations of safety and established practice together have the effect of 
producing a non-symmetrical girder section at the expense of the most important member in the vessel 
from a structural point of view, namely, the strength deck. It might be argued that longitudinal 
straining actions would show themselves most in single deck vessels. The writer does not think that this 
follows. The top strength member in a single deck vessel is usually very well looked after from a 
structural design point of view. It is not intended to be inferred that other types are not well looked 
after. It is open to admission, however, that the amount of assistance to be obtained against longitudinal 
bending and deflection from a second or lower deck or decks is less than may at first thought be the case. 
Second and other lower decks nowadays are—and rightly so—little more than platform decks for the 
carriage of cargo. Uniformity and homogeneity are not always the keynotes of their loading. As is well 
known, bo ary in the neighbourhood of cargo hatchways, excessive cargo loading is not unknown. 
The density of the cargo carried in these parts is sometimes found to be high. The result is that the 
deck beams, deck girders and deck plating of decks other than the strength deck are subjected to 
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comparatively high stresses arising from cargo loads alone. The amount of spare resistance, so to speak, 
to be relied upon as contribution against main longitudinal bending must be small. To complete the 
argument it might be stated that vessels having two or more decks have not been found to be entirely 
immune from trouble arising from longitudinal bending. 


COMPARATIVE STIFFNESS. 


Stiffness will now shortly be considered. For this purpose a hogging bending moment curve and a 
sagging bending moment curve have been taken. The hogging curve taken is Case 1 arrival condition, 
maximum bending moment being 195,500 foot-tons, while the sagging curve chosen is Case 1 departure 
condition, maximum bending moment being 80,500 foot-tons (see Table 2). The corresponding 
stresses at the strength deck are 8°6 tons per square inch tension and 8°5 tons per square inch compression 
respectively. 

Figs. 11 and 12 show : 

1. Bending moment and shearing force curves. 

2, Curve of J of cross sections of vessel from stem to stern. These have been calculated (a) 
including the bridge 164 feet long (b) excluding the bridge. 

3. Curves of deflection due to the bending moments (a) including the bridge superstructure 
and (b) excluding it. 

In addition the maximum deflection arising from shearing has also been calculated. 

The fore and aft variation of T has been taken account of to determine the deflection due to the 
bending moments, while the variation in J and ay and f have been taken account of in determining the 
deflection due to shear in expressions stated below. 

The results obtained are as follows :— 


TABLE 5. 
HOGGING. 
MaximuM DEFLECTION. 
trom BM. iene: Total 
Inches. Inches. Inches. 
Including Bridge _... 6 t 64 
Excluding ,, nat 73 — — 
TABLE 6. 
SAGGING. 
MAXIMUM DEFLECTION. 
| Pa fen SF. eel 
Inches. Inches. Inches. 
Including Bridge __... 24 | : 24 
| Excluding ,, | 5 | — 


The increase in depths of sections in way of poop and forecastle have been omitted, as it is thought 
that the contributions of the poop and forecastle to the general stiffness of the structure might be ignored. 
It would be quite simple to amend the calculation to include the local increase of J in way of poop and 
forecastle if considered desirable. 
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The calculation of deflection assuming the bridge omitted was made to obtain a measure of the 
increased stiffness obtained by the fitting of an efficient midship superstructure. The increase to stiffness 
is about 25 per cent. for Hogging and 20 per cent. for the Sagging considering the deflections due to 


bending moment only. 
The deflections due to bending moment were obtained by a convenient integration of the expression 
(taking account of the slope at the ends), 


N=5 | Ms dx inches. 


M = Bending moment. 
I = Second moment or moment of inertia of section. 
E = Modulus of elasticity, 
while the deflection arising from shearing was obtained, using the following expression :— 


8 1 Say dx 
=— 2 Sr 

G=Shear modulus of elasticity. 

S=Shearing force at any section. 

ay= Moment about neutral axis of area above or below the latter. 
[=Second moment or moment of inertia of section. 

t =Thickness of side plating. 

In the calculation E has been assumed as 12,500 tons per square inch and G as 5,200 tons per 
square inch. 

It is of course recognised that these figures for deflection no less than those given for the bending 
moment and shearing force are of a comparative nature. The values assumed for E and G are arbitrary 
although not unusual. The foregoing expressions for the deflections assume amongst other things that E 
and G can be taken as constant and as being the same for the material in tension and compression. 
Experiment alone could actually more accurately determine the value of HJ, the flexural rigidity or 
moment of stiffness. 

Taking the results as they stand it will be scen that 5, varies approximately as the maximum 
bending moment, but as regards the effect of the bridge superstructure more nearly as the square root 
of the J of the midship section. This is probably due to the fact that the increased J holds only for a 
portion of vessel’s length. 

The maximum value of 6, (inches) can be expressed in this case as 

3 2 
EL or preferably as a where 
M=Maximum bending moment in foot-tons. 
L=Vessel’s length in feet. 
I,=M. I of section at point of maximum bending moment in square inches x feet units. 
f=Intensity of longitudinal stress at strength deck in tons per square inch. 
D=Moulded depth (in feet) of vessel at point of maximum bending moment. 
While the maximum value of 5, (inches) can be expressed in this case by : 
S ay = M ay oe fay 
2k,GTt 2k,G]7 ¢ 2k,G Dt 
where S=Maximum shearing force in tons. 
ay = First moment of area above or below neutral axis of midship section in square inches x feet units. 
t=Thickness of side plating in inches. 

From cases worked out, k, = ‘07, k, = 9 and k, = °d with sufficiency accuracy. 

It is simpler, however, to use only the expression for 8, and alter E accordingly. 

Thus, E can be taken as 10,900 tons per square inch. 


It might be noticed that for the maximum values for dy the ratio + Pees Mahe) 


Vessel’s length (inches) © 


1 1 : P 
out at 905 and yi70 the two cases considered. 
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Asa matter of interest, a curve showing fore and aft variation of I of section is included in 


I 


y 


Fig. 12 the increased = in way of poop and forecastle not being included. 


The relative contributions to the Z of the section of a vessel of some of the important parts may be 
of interest. 


For the purpose of this analysis, vessels of 300, 400 and 500 feet length, of proportions of length to 
depth ranging from 11 to 134 and of average proportions of breadth to depth have been taken. The 
following tables show the results which over the above range of length are for vessels 50 per cent. of 
whose lengths are assumed covered by partial superstructures. 

Contribution to strength of section of strength deck ,. : 
iz Total strength of section = =——S™S# while Ain phe table 


M in the table is the ratio 
Area of strength deck 
‘Total area of section. 
The ratios are expressed in percentages. 


is the ratio 


TABLE 6. 


PROPORTIONS—-VESSEL'’s LENGTH TO DEPTH. 


patches 11 be ede lL gfe atl 


| 
: : a8 i Sea = & an 
Vensel. Number of Plated Decks. | Number of Plated Decks. Number of Plated Decks. 
| Se ey ee eee Se pera ear 7 =a) Sr air wee ne | aaa 
1 2 are wt eae 2 3 1 | eh A 
eonedeinn = pobre oat ke ee be Se 
! | | 
Fet, |M.| ac] M [aA |M) A; M | A|M | ATM | a | Mm] ATM | APM A 
300 | 59} 17] 44 | 12} —| — | 60/17] 49 | 12 | — | — | 56 | 17 | 47 | 18 | — | — 
} | | | H 
| at er Lo eee my ee 
400 | 66 | 22 | 51 | 16 | — | —| 67} 28} 64) 17 | —] — | 66 | 22 | 66 | 18 | — —| 
| | | 
500 | 71} 26 | 55] 20] 50] 18) 70 | 25 | 56 | 20 | 51] 18 | 71 | 26 | 57 | 21 | 58 | 19 | 
| | | ‘ i | mall: (3) eae 


‘The next ‘Table gives the corresponding figures for the sides of the vessel. ‘he quantity used is the 
sheerstrake, strake below sheerstrake, and side and part of the bilge plating, in other words, the web of 
the ship’s girder section. 


TABLE 7 
PROPORTIONS—VeESSEL’s LENGTH TO DEPTHS. 
eae 1 12 | 133 
| — _ —_---—--— — - — a | —_- a -_j— — ————.- ~— _ —. 
Sie Number of Plated Decks. Number oi Plated Decks. | Number of I lated Decks. 
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From these figures it can be seen for a vessel of 400 feet length and within the range of proportions 
given above that area for area the strength deck contributes from 3} to 4 times as much to ~~ 


of the section as the sides of the vessel. 

It is interesting to compare this with the usual assumptions used for plate girders. 

Values of shear stresses in the side plating of cargo vessels are frequently required. In order to give 
a reasonably accurate value without detail calculation, the following table may be of use and interest. 

The co-efficients there can be used thus. As is well known most of the shear is borne by the 
web of a girder so that approximately the shear stress at the neutral axis may be expressed thus :— 


Ss 
Nepal 
S= Ft 
where S=Shearing Force. 
D=Depth of vessel. 
t=Thickness of side plating. 
From the more accurate calculation :-— 
: Say 
A= 2Tt 


f, will usually be greater than /’,. To obtain f, from the table we simply have to calculate /’, as 
above (a reasonable approximation can be used for 8) and then :— 


AL=Cf ‘s 
C is the multiplier tabulated below. 
TABLE 8. 
PROPORTIONS—VESSEL’S LENGTH TO DEPTH. 
LENGTH | 
L 
" 11 12 133 
VESSEL. Number of Decks. Number of Decks. Number of Decks. 
1 2 3 1 2 3 1 2 3 
Feet. 
300 114 _ — 115 — —s 115 —_ — 
400 112 1°15 —— 1:13 116 —_— 1°13 1°18 — 
500 fs | 114 115 oe 114 116 1°12 115 1°16 
Number of Decks. Number of Decks. Number of Decks. 
3 5 3 5 ne 5 
550 1°19 1:21 _— 1215 1°21 _— 1°17 1°19 _ 
600 116 1°21 co 1°16 1:19 — 116 118 —_ 
| 


These values for multiplier C are based, in the cases of the 300, 400 and 500 feet vessels, on full 
scantling vessels of average proportions with 50 per cent. of vessel’s length covered by partial super- 
structures, while those for the 550 feet vessels are for vessels of less draught than that corresponding to 
full scantling vessels. 


_- 
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DECK GIRDERS. 


The demand for cargo holds and ’tween decks as free as possible from the obstruction caused by 
close-spaced pillars which, up to about the years 1900 to 1902 had been the usual arrangement of support 
to the beams of the decks in vessels, led to the provision of support to deck beams by means of wide 
spaced pillars or stanchions in association with strong girders running in a Jongitudinal direction, These 
girders as now fitted are of many types whose section is varied to suit the conditions peculiar to each 
case, a few of which may be mentioned, namely — 

1. Varying length of span. 

2. Uniformity of span or otherwise in any hold. 

8. Reduction of obstruction, this applies more especially to girders in ‘tween decks. 

4, Special cargoes, such as insulated and chilled cargoes. This is a special case really of 3, in 
which not only reduction of depth but also of breadth of standing horizontal flange are important 
whether in the "tween decks or the holds. 

5. Purpose for which the space is used, namely passenger accommodation, 

6. Whether deck girder is in line with hatchway coamings or not. 

It is unfortunate in the development of the arrangements of deck girders that it is not always 
possible to take proper advantage of their potentiality as contributors to the resistance of the vessel’s 
structure against longitudinal bending. Deck girders have, very naturally it is true, been usually looked 
upon solely as girders to support the loads carried by the deck on each span between the wide spaced 
pillars. No doubt this is a correct view to take so far as girders supporting second or lower decks are 
concerned, but it would appear that the arrangement of girders generally in a vessel should be determined 
with the end in view to some extent at any rate that the girders supporting the strength deck can be 
utilised to assist the deck plating against longitudinal straining actions tending to compress the strength 
deck, In view of the cruciform and rivid construction of the deck at the junction of the stringer plate 
and the sheerstrake and at the junction of the deck plating and the hatchway coamings, there is realised, 
in the normal transversely constructed vessel, practically an j————-] girder viewing the strength deck 
asa whole, This |[=-——{ scction has usually a relatively long web, namely the deck plating and this 
is therefore the portion of the strength deck which should receive most attention against collapse. The 
exigencies of beam span and economy of construction lead to the girders being fitted in line with 
the hatchway coamings in most vessels and thus the deck plating—except of course in a longitudinally 
constructed vessel—is left to do its own work alternately as a strut and a tie. 

It will be of interest to indicate a few of the usual wide spaced girder and pillar arrangements. 

Fig. 13 shows in outline one or two arrangements in profile view. Arrangement (2) on this figure 
is intended to apply either to one or two or three row arrangement of pillars. Arrangement (3) provides 
the clearest hold of all, but sometimes demands heavy and costly girder construction, Arrangement (4) 
is suitable if uniformity of space is desired. Arrange nent (5) indicates girders fitted above deck—this is 
not unusual in two deck vessels and gives a ‘tween deck absolutely clear of obstruction so far as girders 
are concerned, 

Fig. 14 shows sectional views of various types of deck girders. Probably of all the types that with 
a single bulb angle face bar on lower edge of girder is the one most commonly fitted. 

There is one point of convenience in connection with this type of girders and that is that a close 
approximation to its modulus Z can readily be made. The modulus of any symmetrical girder can be 
approximately expressed as follows, namely :— 

‘ = kD ( Ay + 
where D = Depth of girder in inches. 


Ay = Area of flange bar in square inches. ; 
Aw = Area of web or intercostal plate of girder in square inches, 


k = A coefficient. 
The value to be given to k varies with the relative areas of web and flange bars, and in the case of 
deck girders as fitted in vessels also with the amount of deck plating assumed to act in conjunction wit 
the girder, 
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The possession of a number of actual accurate calculations will enable one to evaluate k and a close 
approximation can be rapidly made. The writer has personally used such an approximate method both as 
a check to accurate calculation and as a rapid approximation in the case of deck and other similar 
girders and has found it very useful as a time saver. 

Increase of depth and corresponding reduction in scantling of face bar is usually considered to effect 
reduced weight. ‘This is so over a certain range, but it will be found if the area of the face bar or of 
either flange in a girder having flanges of equal area is made less than half the area of the web plate, that 
actually the total weizht of web and flanges increases and thus further increase in depth is uneconomical. 

This can be demonstrated algebraically for the case of a girder of equal flange area and uniform cross 
section in the flange bars. 

Deck.girders are not of exact uniform section from end to end of extreme span and Figs. 15 and 16 
inclusive together with the following tables A, B, C and D give the result of some calculations showing 
the effect of varying the length of bracket at the ends of a girder of 25 feet span. The depth of bracket 
at the bulkhead at the extreme end of the girder has been assumed constant. This is a usual condition 
to be complied with, as increase in depth at this part causes undesirable obstruction more especially in 
*tween decks. 

The length of bracket plate has been assumed to vary from a normal length as shown in Set 1 in 
this figure to such a length that one bracket plate meets the other as shown in Set 5 of the same figure. 

The stress and stiffness calculations have been worked out first assuming complete end constraint 
(see Table A) to be maintained throughout and that the scantlings of the parallel depth of girder are 
reduced in proportion to the increase in the length of the bracket plate in each case. 

In accordance with the foregoing assumption the following relation would hold, namely that the end 
or support moment for symmetrical loading is : 


m 
27 & 


< 4 
I 
where m = Moments due to loading as for simple support at ends. 
T = Moment of inertia of girder section. 

By a convenient integration of this expression for each case the appropriate bending moment diagram 
can be constructed. 

It follows that the end moment necessary in view of the assumption made increases as the length 
and strength in way of the bracket increases. If we consider Case 1A of Set 1 (that is with normal 
length of bracket) as standard and that a girder 20 inches deep by °48 inch thick plate with face bar 
10 square inches area is suitable with this length of bracket then we see that in Set 2 we have to 
increase the strenythening as in 2B and that in Set 3 we have to strenvthen as in 38D, in Set 4 as in 4B 
and in Set 5 as in 5B before the same maximum stress as obtains in 1 is not exceeded and this can be 
effected without serious increase of stress at mid-span. Further to maintain the zero end slope assumed, 
increased riveted attachment at ends of girder must be provided. 

The relative stiffness of each construction is also shown in Table A below. The decrease in moment 
of inertia of the girder section clear of the bracket plate, as would follow a natural tendency to decrease 
the depth of the girder at the same part, is seen to involve reduced stiffness when compared with Set 1. 

A second set of calculations (see Table B) has been made assuming that the end moment is 
maintained constant throughout as in the standard Set 1. The stresses are set out in Table B below. 
It is seen from this table that the maximum stress in Set 2 is not anywhere higher than in Set 1. Also 
in Set 3 we must have strengthening in way of the bracket plate as in 8B in order that the stresses near 
the ends of the span are not higher than in the standard Set 1. It is noticed, however, that the stress at 
mid-span is greater. ‘To reduce this stress to the same as maximum in the standard case the girder clear 
of the bracket plates must be increased in strength. That is, the effective span must be increased above 
what would be used for calculation if it is assumed that the effective span is reduced in direct proportion 
to the increase in the length of the bracket plate. | Moreover, any further increase in the length of the 
bracket plate accompanied by a corresponding reduction in strength of girder clear of the bracket plate 
will give, under the conditions here assumed, an increased maximum stress at mid-span. 

A third set of calculations (see Table C) has been made to show the comparative stiffness for Sets 
1 to 5 assuming simple support and therefore zero moment at each end. ‘This was done to ascertain 
whether, with increase in length of bracket plate and corresponding reduction in scantling of girder clear 


of the bracket plate, there is a gain in what might be called the intrinsic stiffness of each arrangement. 
It would appear as shown by the results in Table C below that the intrinsic stiffness decreases as we go 
from Set 1 to Set 5. 

The riveted attachments usually provided at the ends of deck and other girders fitted in vessels often 
do not, so far as the writer is aware, provide rivet area and disposition of rivets sufficient to ensure zero 
slope at the ends of the span. Indeed it would not appear altogether desirable that they should do so. 

With this in view a fourth set of calculations (see Table 1) have been made assuming that the end 
moment is less in each case than that corresponding to zero end slope and for convenience but also from 
the belief that such is often approximately the case, the end and mid-span moments are assumed equal. 

Again, it would appear that the stiffness decreases as we go from Set 1 to Set 5. 

The strengthening in way of the bracket is given for each case on Fig. 16. 

The scantlings used for the parallel portion of the girder in each set are as follows :— 


SET. 
Scantlings. 2 r : 
1 2 Sash tei 4 5 
son. Se aie a é 3 = bes ae = a 
1D t D ~~) | = / i”) t D t 
Plate rn Oh, Nelo ABR 7S X46 “dai peaad 13} x *44 9 x ‘44 


Area of Face bar ... ss 10 74 | fA 6°2 5-in. flange 


The dimensions are in inches and square inches. 

D = Depth of plate. t = Thickness of plate. 

As a general conclusion from the foregoing, it might be stated, that brackets do not always afford so 
much extra stiffness and strength as is perhaps sometimes assumed, although it might be practicable to 
maintain uniformity of stiffness throughout—although not uniformity of stress—by alteration in depth of 
girder clear of the bracket plate. 


TABLE A. 
COMPLETE CONSTRAINT ASSUMED AT END OF SPAN. 
| Section. (ee aah ag ee as — 7 ai <a 
| 1 2 3 4 5 
7 ks :siecnemeene eine ee ee eee |e metas 
1a | 1B | 24 | 2B | 34 | 3B | 8c | 8D | 4A | 4B] 5A | 5B 
| AA ae ae 50 —48 —555 5-0 63 —57 a —50 —6°7 50 75 —48 
Ist Beam +o} —4°1|—4°8 47 ~42| —5°3| 4:8] 4:6] 4:1] — —{—]}-— 
2nd Beam ee-| —1°5|—1°9 | —2°9| —3°0 | —3°2 | —3°0| —2°9 | —2°7 | —3°7 | —2°8| —4°3 |—2°5 
3rd Beam wel + 6 i+ °75) + 1] — |— 6) — *8/— 8/— 9) — = —_ — 
4th Beam ooo] $2°1/4+2°6 | +274) +2°3) +2°2] +2°0) +2°0) +18) — —_— | + ‘B+ 75 
Mid-span vo] £3°0 {43°83 | +38) +36) +39) +3°7/ +3°6) 435) +42) 43:5) +85 /44-7 
The above figures represent stresses in tons per square inch. 7 
Relative Deflection! 1 - | 1:25 | 1:25 | 1°18 | 1°85 | 1°25 | 1°24 | 1:16 | 148 | 0 | 1°75 | 1 | 
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TABLE B. 
EnD MoMENT SAME AS IN CASE 1A, TABLE A. 


Section. 
1 ecpes 3 i ome 2 nc py- 
1A | 1B 2d | 2B | GA | 8B | 80 | aD sa | 4B | 54 | 5B 
AA wu. su] 260) —#8|—52| e656 [90 |-e7 [£8 |—67|—42|—60|- 99 
Mid-Span vee) $3°0| +3°7| +4°6 +40 4075 +57}4570 +575 +75 +75 +7°6|+10°3 


The above figures represent stresses in tons per square inch. 


+ indicates tension. — indicates compression. 


Section AA is at face of vertical stiffener on bulkhead in way of girder. 


TABLE C. 
SrmmpLe SUPPORT ASSUMED AT ENDS OF SPAN. 


SET. 


Relative Deflection 1 1°01 | 1°64 | 1°62 | 2°17 | 2°15 | 2°12 | 2°1 | 2°78 | 2°63 | 4°3 | 2°25 


TABLE D. 
Support Moment ASSUMED EQUAL TO Moment at Mip-Span. 


1A | 1B |" 24 | 2B’) BA | SB 1 3C | 3D | 4A | 4B | 5A | 5B | 


Relative Deflection 1 1°26 | 1°64 | 1°64 | 2°29 | 2°27 | 2°26 


Set 1B is a modification of set 1A in which some allowance is made in the girder scantlings on the 
basis of normal length of bracket of set 1A. 
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PILLARS. 


Contemporaneously with the introduction uf strong deck girders came built wide spaced pillars in 
holds and "tween decks in lieu of the older fashioned solid circular pillar fitted on alternate beams in 
association with a “ runner” running under the beams. 


The most common types of wide spaced pillars fitted are the three for which scantlings are 
prescribed in the Society’s Rules, namely, the circular tubular double channels with or without face plates 
riveted to the flanges of the channels and four angles of substantial section fitted heel to heel so as to 
form a cruciforin section, The number of other types or section of built pillars fitted is quite numerous 
and Fig. 17 shows a few of these as fitted in "tween decks and holds of vessel. In a considerable propor- 
tion of these one cannot help noticing the appreciable difference which exists between the radii of 
gyration for what might be termed the two principal axes at right angles to each other. Indeed, this is 
probably as noticeable in the common type consisting of channels with or without face plates as in any 
other type. The difference amounts to as much as 60 to 80 per cent. in many cases, Symmetry as 
regards radius of gyration about two perpendicular axis can probably most easily be obtained in the 
braced pillar, a type the design of which needs care. ‘This is the type which failed during the erection 
of the Quebec Bridge. 

Wide spaced built pillars except of the tubular built type are usually required to be fitted with 
bracket plates at top and bottom ends with the view presumably principally to effect fixity of direction. 
It is a matter largely of conjecture to what degree bracket plates as usually fitted do produce fixity of 
direction. If bracket plates are unduly extended in dimensions the bracket plates themselves become 
liable to severe stresses as they in effect tend to become cantilevers loaded with the thrust which must 
largely be transmitted and more or less concentrated oyer the projected area of the strut section itself. 
The writer, while not wholly destitute of faith in well spread bracket plates at ends of compression 
members, is inclined to favour a “snug ”’ arrangement of connection more directly in line with the line 
of the pillar section itself. It is quite conceivable, moreover, that a large bracket plate at the head of 
a pillar will induce eccentricity of loading and consequently a much reduced crippling value of the pillar. 
The number of formulae and the amount of literature which have been published on the subject of the 
strength of compression members or struts are legion. Some of the earliest contributions date back two 
or three centuries, Euler's well-known and much-discussed contribution was published about the middle 
of the eighteenth century. Perhaps one of the best known-of the earlier investigators of last century 
was Hodgkiuson who carried out experiments on solid cylindrical flat-ended columns. Columns both of 
wrought and cast iron and also of timler were used by Hodgkinson. Hodgkinson, however, made a 
rather unfortunate choice of formula based on Euler’s formula, For example, a typical result from 
Hodgkinson’s experiments is :— 


Cpes ‘ 
W = —j77— for wrought iron columns 


where D = diameter and D = length of column, while C = a constant or coefficient. 


A fundamental objection to Euler’s and similar formulae for columns is the omission to take account 
of the direct crushing value of the material. Omitting the large number of investigators who discerned 
this fault in the Eulerian theory we come right on to Tredgold and Gordon, who proposed the modern 
form, except that least diameter of section of pillar was used instead of least radius of gyration, later 
proposed by Rankine. 

Very complete experimental investigations on columns have been made in the United States of 
America, where full size columns were used for the purpose of experiment. One of the best known of 
the investigators there was Christie. 

Mention must also be made of Prof. Fidler’s analysis of the strut problem, and also of Moncrieff’s. 
Both these investigators examined formulae and plotted curves showing the upper and lower limits of 
strength of columns as derived from the tests. 

Secondary flexure or wrinkling has also received attention, the most recent investigations being those 
of Lilly, who proposes a combined formula intended to include the effects of primary and secondary 
bending of columns. 

As a matter of interest a diagram showing crippling load curves for a few of the formulae for 
columns is appended (see Fig. 18). 

The writer hopes he has raised sufficient points in the paper now concluded to create discussion, 
which, after all, perhaps fulfils the most useful purpose of any paper. 
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DISCUSSION ON Mr. J. S ORMISTON’S PAPER 


ON 


“NOTES ON STRENGTH OF SHIPS.” 


Mr. N. Dosson. 


This paper of Mr. Ormiston’s requires a great deal of thought and consideration. I regret that time, 
since I received it, has not permitted me to go carefully into the various questions raised. 

There are, however, one or two points which in my opinion are of special interest. 

Reference is made to the excessive stress induced on the deck in cases 3 and 5, Table 1, where 
respectively about one third and one half of the vessel’s deadweight is bunker coal due it is stated to the 
exigency of economics. 

I quite agree that the condition of case 3 is more likely to cause the vessel to show more signs of 
straining than No. 1; this is what one might expect when an extra load is placed amidships. 

In case of No. 5, considering the vessel is not down to her loaded draft, the end ballast tanks might 
be filled with advantage. 

Mr. Ormiston has investigated these cases of unsatisfactory loading, but a section of the vessel for 
which the moment of inertia was calculated is not shown, and I would suggest it might be embodied in 
the paper. I assume the section chosen was in way of the machinery space, and would like to know if 
any longitudinal stiffening was allowed for in the calculation to compensate for any bunkers hatchways, 
etc., which are usually in this vicinity. 

This tendency to show signs of straining of the top member has come under my observation, and it 
may be of interest to quote the case of four vessels of similar dimensions. 

The top deck of the first and second were covered with wood sheathing, 3} inches thick, and have 
been running satisfactorily for nearly six years, in the third and fourth the wood sheathing was not 
fitted, with the result that the deck failed to withstand the compressive stress, and under my supervision 
the necessary repairs were carried out and efficient compensation fitted to the deck in way of the damage. 
This I think shows that the assistance given by a wood deck in resisting the compressive stress cannot be 
ignored, and also the necessity for these stresses amidships being provided for. 

On page 17 Mr. Ormiston deals with pillars, and I am pleased to hear that he is not wholly destitute 
of faith in well spread bracket plates at the end of compressive members, and I think that when these 
brackets at the heels of pillars are dispensed with, especially in the vessel carrying chilled meat cargoes, 
the thick doubling plate on the tank top should be extended over at least three floors instead of being 
just sufficient in size to allow the bottom flange of the pillar being tapped thereto. 

On figure 14 various types of girders are shown, and, bearing in mind that good workmanship should 
be one of the first considerations in steel work, I would suggest the angles of the box girder in column 1 
should be placed on the outside, in order to allow efficient riveting of the lower member. 

With these few remarks I will conclude by thanking Mr. Ormiston for placing before us in this 
interesting and valuable paper the results of his investigations, and hope the wish expressed in the last 
sentence of the paper will be fulfilled. 


Mr. 8. TownsHEND. 


The author states at the bottom of page 2 “that it would appear that the change in sign of bending 
moment does not take place at still water condition.” Iam sure this causes him no surprise for it must 
be a rare coincidence for the buoyancy in still water to equal the weight at each point of the length. In 
fact, such an ideal condition could never in practice be met with. Whilst it is reasonable for comparative 
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purposes to assume that the weigats of such items as machinery and boilers are evenly distributed over 
their respective spaces, we know that, actually, these weights are highly concentrated both longitudinally 
and transversely, and I do not doubt that locally the stresses are very different to those obtained by the 
strength calculations of the ship’s girder. 

I agree with the author’s deduction on page 3 that the modern ship structure has ample strength, 
and I think this is particularly true in the case of large ships. Not only is there a commendable 
tendency to err on the safe side when dealing with something larger than usual, but it is the custom to 
extend to large ships the same or similar comparisons and considerations obtaining in small ships, and in 
doing so an advantage is given to the large ship. Reliable data on sea waves is very limited, but it is 
generally agreed that after the average length of the Atlantic stormwave is passed, a further increase in 
length is accompanied by a reduction in the height of a wave. Thus, to take a ship 900 feet long and 
associate its strength with waves 45 feet or even 30 feet high having a length of 900 feet is imposing on 
the ship a much severer condition than could ever be met with in practice. I believe this point is well 
recognised, but I doubt if it is fully applied in practice. Higher permissible stresses were suggested by 
Sir Westcott Abell in his paper real before the 1.N.A. in 1916, ranging from 7°5 tons per square inch in 
the 500 foot ship to 10 tons per square inch in the 1,000 foot ship, and I should be glad to know if the 
author, from his experience, considers these proposed stresses reasonable, and also if he can say how far 
they are being or have been adopted in practice. 

Might I suggest that, in order to add to the usefulness of the paper for reference, the author could 
quote the leading formule referred to on page 17 relating to pillars. It would also be very helpful if he 
would say which of the formule are, in his opinion, most suitable for use with pillars of varying section, 
material and proportions, and also for use with ship’s details such as davits, derricks and anchor 
cranes, etc. 


Sir. W. 8. ABELL. 


Mr. Ormiston’s paper covers a wide range, and it is not easy to select the most suitable points for 
criticism. His investigations into longitudinal strength problems show the great variations of loading 
which may be experienced in the same ship at different times and the consequent alternations of stress. 
The comprehensive series of conditions which he has chosen should be of value in arriving at 
approximate estimates of the bending moment which may occur in different conditions. 
The figures for stresses illustrate the possibilities of the damage which may result from unwise 
loading, and it should be broadcasted among owners and all responsible for the stowage and distribution 
of cargo on board ship. 
The author has set forth the results of some calculations on stiffness and in these he has made an 
estimate both of the deflections due to bending and of those arising from shearing. 
I would suggest to the author that an interesting and valuable extension of this would be to ascer- 
tain the relative importance of the deflection due to shear for a ship of abnormal proportions, say for one 
whose length equals about fifteen times her depth and in which compensation has been made in scantlings 
by maintaining not merely strength, but also stiffness by increasing the moment of inertia of the section. 
Coming now to the section on deck girders, I should like to ask the author whether he has formed 
any opinion as to whether economy of construction is best obtained by fitting the pillar at the mid length 
of the hatchway. I am strongly of the opinion that this provides the best arrangement of pillar and | 
girder support from the point of view both of structural efficiency and of economical working and | 
handling of cargo. This does not appear to be always realised, and popular opinion seems to be rather | 
conservative on this point and continues to favour the fitting of pillars at hatchway corners. 
The unsymmetrical character of the deck girder fitted in ships is clearly indicated in Fig. 14, and 
the author does not appear to have made any allowance in his calculations for this lack of symmetry. 
It is clear that some difference must be made in the method of determining the stresses in a girder 
of double channel section as compared with one of the flanged plate type or having a single bulb angle 
on its lower edge. In order that the calculations made with regard to these unsymmetrical girders be an 
accurate estimate of their actual moment of resistance, adequate provision should be made against tripping, 
and this emphasises the importance of the question as to the amount and character of the secondary 
bracing required—a point which does not always receive the attention it deserves. 
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With regard to the section on pillars, the author has, on Fig. 18, illustrated the effect of several of 
the more important formule for crippling loads on struts, oe. 

In my experience, Fidler’s analysis of the Strut problem is the most satisfactory, and I think it 
would be a useful addition if the author would include a short statement of this, together with the 
formule, in his reply. 


Mr. G. R. Epe@ar. 


While not attempting to cover the large number of questions with which the paper deals and those 
to which it refers, I should like to draw attention to the deduction arrived at in the third paragraph from 
the bottom of page 3, namely, that the modern ship structure has ample strength and to spare and that 
possibly some reduction therefrom might reasonably be considered. This conclusion may or may not be 
a true one, but there is certainly not enough evidence given in the paper or expressed in the stresses 
arrived at, to justify it. The author in the tables on pages 2 and 3 has simply dealt with structural 
longitudinal stresses and makes no mention of the other stresses to which the material of the structure is 
exposed, Stresses due to local loading, or to water pressure, as well as structural transverse stresses are 
ignored. The probability of the stresses caused by longitudinal bending and found by the usual 
calculation actually being those developed in the material by this action, is also not considered, It may 
be that the author has formed some opinion as to the safe limiting value of this calculated stress which 
allows for other existing stresses as well as the nature of the assumed conditions, and which enables him to 
interpret the stresses on this basis. If so, would he be a little more definite on this point ? 

Another matter is exemplified in Fig. 12, where the comparative deflection of a vessel, including and 
excluding a bridge, is given. When an actual vessel deflects it would seem that it would do so to an 
extent indicated partly in each curve of the two shewn, in the upper one over the length of the bridge 
and in the lower one clear of the bridge. The reconciling of the two deflections, as it were, at the break 
of the bridge is done by the extra material fitted there, and by the tapering and scarphing of the material 
and scantlings into one another at this point. A similar case arises, due to alteration in moment of inertia 
value of cross section, in oil-engined vessels with very heavy continuous fore and aft girders fitted as engine 
seats in the bottom. These girders are amongst the most substantial in ship structures, are of consider- 
able length and so transversely supported that it is difficult to see how they can avoid influencing the 
bending of the vessel. If this is the case, would it not seem desirable to taper these girders more than at 
present so as to avoid a sudden change in the J value, a change augmented in some cases by the unusually 
substantial engine casings. It would be of interest to know if the author has any knowledge of any cases 
of working being apparent in this type of vessel in the vicinity of the ends of the engine room and if he 
would attribute it to this cause, Such cases, have I believe, occurred. Mr, Ormiston deserves our thanks 
for his paper, which must have entailed a large amount of work. 


Mr. W. THomson. 


The members of the Association have been favoured with what must be considered as one of the 
most comprehensive papers yet placed before it. The paper may be roughly divided into two sections, 
namely, one dealing with structural and the other with local strength. 

The remarks on the effect of variation in loading and its effect on the structural strength of a vessel, 
based as they are on actual experience, will repay careful study. On page 3, the author states that the 
strength of a vessel loaded with homogencous cargo is so satisfactory that a reduction in scantlings 
might be contemplated but this comforting illusion is dispelled by the figures given on later pages. 

It is, of course, these cases of non-homogencous loading which give special value to the paper, and 
it will be observed that the instances chosen represent in various degrees concentration of cargo amidships, 
Cases No. 3 and 5 represent the worst instances, and the first inference that may be drawn is that a 
substantial reduction in the total cargo carried is not necessarily accompanied by a reduction in stress. 
At the present time considerable stress is laid on the relationship between draught and scantlings, and the 
results given in Table 2 afford much food for reflection. ; 

In this connection it is to be observed that the distribution of cargo shown in case 5 is not 
unreasonable, since an owner is quite entitled to consider that his vessel will carry the necessary amount 
of coal for an established trade without structural straining. 
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It is true that the compressive stress on the deck plating could be reduced to more moderate 
dimensions by stowing part of the coal in the forward and aft hold or ’tween decks, but the expense of 
trimming this coal on every voyage would be so high that the owner might well raise strong objection to 
such a course being followed. 

Similarly, the stresses in the ballast condition are greater than contemplated for the standard vessel, 
but the conditions assumed in the paper are not uncommon, occurring as they do in all vessels with two 
deep tanks amidships. 

The fact that failures have occurred in such vessels confirms the stress given by the author, and 
raises the question as to whether special provision should not be made to provide against these stresses in 
the deck plating in vessels with two deep tanks, or in cases in which it is known that the conditions of 
trading necessitate a large amount of fuel being carried amidships, 

The author has tabulated the range of stress existing in the various conditions and it is to be 
observed that, so far as the deck plating is concerned, the range of stress in the departure condition 
is practically constant. As pointed out, however, there is no doubt that case No. 2, on page 8, is likely 
to produce much more serious results on the structure than case No. 1. 

After investigating a good many instances I would venture to suggest that, so far as ship structures 
are concerned, very little importance need be attached to range of stress. The critical condition is 
defined by the maximum stress, and the only stress that need cause any concern is compression in the 
deck. ‘Too much attention cannot be paid to this stress, particularly in vessels with machinery aft, 
although, as shown in the paper, it is quite possible to exceed the safe compressive stress in the deck 
plating of vessels with machinery amidships. WL 


In presenting his results, the author uses the well known formule M = 
value of C he uses in all cases the load displacement. Cc 


I would venture to suggest that this is very misleading and liable to lead to error, and I think it 
would be better to conform to the more usual practice of expressing the coefficient in terms of the actual 
displacement in each case. 


The figures given in Table 6, showing the contribution to the I of the midship section of the upper 


, but in determining the 


deck plating, are of interest as showing the relative importance of this deck in one, two, or three deck ships. 
From these figures it would appear that in two deck ships the upper deck is relatively 10 per cent less 
important than in single deck vessels. This result raises the question as to whether the second deck 
plating really contributes its calculated value to the strength of the vessel. As pointed out by the author 
this plating is necessarily subject to considerable local stresses, which renders it doubtful as to whether 
this plating can be expected to develop its full value to the structure. This view is somewhat confirmed 
by the author’s statement that two-deck ships are not immune from trouble, a fact which might be more 
correctly expressed by saying that failure occurs as frequently with two deck ships as with single deckers. 


On the question of deflection, the author has given a very useful formule which agrees closely with 
the usual assumption of 1 inch deflection per 100 feet of length for vessels in the hogging condition. 
The more exact calculations in the paper, taking account of the variation in the moment of inertia of the 
section along the length of the ship, would account for the difference between these results and those 
obtained by the more approximate method of using the moment of inertia amidships. 

The author has courageously tackled the problem of the effect of varying the length of the brackets 
supporting deck girders and some of his results are rather surprising. I cannot quite agree with his view 
that it is not possible to secure zero slope of the girder at the ends, since it appears to me that if there isa 
substantial bracket on each side of the bulkhead the conditions for zero slope are very closely approximated 
to, it being assumed that no lateral deflection of the biacket takes place. The fact that the riveted 
attachment at the ends of the girders shows no sign of failure can, I think, be accounted for by the 
consideration that the bracket is part of a complex structure consisting of bracket, deck and bulkhead, and 
failure of the bracket can hardly occur without corresponding deformation of the deck and bulkhead. 

The formula given for the fixing moment is not familiar to me, in its present form at least, and I 
would suggest the author might add an appendix showing how it is derived. 

In Fig. 12, the bending moment for various lengths of bracket is shown, and the diagram suggests 
that the bracket begins to approximate to a cantilever as the length is increased, a result which appears 
to be reasonable. 
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I would like to ask the author if the reduction of stress in the case of the longer brackets obtained by 
fitting large face bars could not have been more economically secured by an increase in the area of the 
face bar of the horizontal portion of the girder. 

The comparative deflections shown in Tables C and D are rather puzzling, and I would be glad if the 
author could explain the large difference between 4A and 5A since the difference in the moment of inertia 
appears from the diagram to be very small. 


Mr. B. J. Ives, 


The results of Mr. Ormiston’s calculations are of particular interest as showing the variation which 
may take place in the stresses on a structure with different stowage of cargoes. 

In cases 1 and 8 we have the same vessel, in the one case loaded homogeneously and in the other 
case with the end holds empty, the total load being the same in each case. The hogging stress on the 
gunwale at departure under these conditions varies from 7 to 2 tons, and the sagging stress from 3} to 8} 
tons. An appreciation of the augmentation in stress which can occur due to loading emphasizes the 
importance of correct loading. The range of stress being practically equal, it might be inferred that the 
large difference in the hogging and sagging stresses is not of grave import, but where the hogging stress 
(case 1) is taken in conjunction with the sagging stress (case 3), 7.¢., the hogging stress (omogeneous 
cargo) is taken in conjunction with the sagging stress (end holds empty), we find that in two voyages we 
can have a range of 15} tons stress (+7°1 to —8°4). 

From this result it follows that the stowage of load should be arranged in such a manner that the 
resulting hogging and sagging stresses should be as nearly as possible equal, although the figures for range 
of stress may be as large as those given in Table 4. The case quoted in No. 1 is not the ideal 
arrangement of stowage, neither is case No. 3, but somewhere between these two cases is the ideal. 

We should then have in comparison of the two voyages a drop in range of stress in the neighbour- 
hood of 10 tons, instead of the 15} tons previously referred to. 

It may, of course, be that the amount of the hogging and sagging stress from zero is well within the 
elastic limit of the material stressed, and that it is not essential to find the ideal arrangement of stowage, 
but in cases of vessels of the size which Mr. Ormiston has assumed, it would in my opinion be to the 
interest of an owner to find out the ideal stowage which will, under usual wave conditions, bring the 
hogging and sagging stresses as near equality as possible on any particular part of the structure, and to 
endeavour to work thereto under actual conditions of loading as nearly as possible. 

In regard to tubular widely spaced pillars as fitted in ships, the crushing value to be given to the 
material is very difficult to assess. Owing to the pillars not being always in a vertical plane in a ship, 
and to the eccentric nature of the load, the crushing load coming on one side of a pillar may be appreciably 
greater than that coming on the opposite side; due to the inequality of stress and to the impossibility of 
obtaining a perfectly uniform section of the material, a buckling action may start on one side of the 
pillar which in its development will cause a larger tensional stress on one side of the pillar than the 
compressional stress on the other side, so much so that the change from compression to tension will 
further develop any buckling action which may commence, 

I have much pleasure in joining in thanks to Mr. Ormiston for his valuable paper, which I intend 
to study later in more detail. 


Mr. A. G. AKESTER. 


I would open my remarks with a criticism: Mr. Ormiston has given us too much. We have 
material here for three papers, and therefore one is apt to begin well but to skip portions before reaching 
the end--at least I found myself doing this, with the result that my remarks will most likely be confined 
to the first section of the paper. 

It is noticed that consideration is given to longitudinal straining actions on cargo ships only, and in 
the first example reference is made to homogeneous loading and to certain specific conditions, viz., 
departure and arrival conditions, and our attention is drawn to Fig. 1, which purports to show the 
departure and arrival weight diagram. 

I had expected to find two diagrams there, for, surely, when dealing with as large a permanent 
bunker as 900 tons it is unusual to make no allowance for the burning out of this during the voyage. 
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Stores also would be reduced—but wait, I see that the necessary allowance has been made in the 
calculations, although I think the reference might have been made more exact. 

Some interesting and, at first sight, rather curious results appear from analysing this first set of 
bending moments. I take it the departure and arrival conditions are the same except for a difference 
of 1,150 tons situated almost amidships. One would, of course, expect the hogging bending moment to 
be increased by such removal of the midship weight, and this increase for the normal wave is actually 
33,000 foot-tons or 20 per cent., but for the wave only ,\,th of the length, although the bending moments 
themselves are appreciably lighter, as one would expect, yet the difference is 32,600 foot-tons, or 
practically the same as with the vessel supported by the normal wave. At first glance, I do not see 
sufficient reason for this, nor in fact, for the very large increase in the still water bending moment, 
viz., 40,700 foot-tons, or nearly 90 per cent. As the bending moment may be divided into two 
components, viz. :— 


(1) That due to the unequal distribution of weight and buoyancy in still water ; and 
(2) That due to the passing of the wave, 


I cannot for the life of me see why there should be a still water increase in bending moment of more 
than 40,000 foot-tons by the removal of the coal, since on the evidence of the figures given, this would 
mean an actual reduction of bending moment by the passing of the wave. Perhaps the author could 
throw some light on these points. 

On the other side of the picture, viz., the sagging condition, the removal of the coal amidships 
reduces the bending moment by 40,500 foot-tons, or 50 per cent. 

This leads me to say right here that the more one sees of figures for longitudinal bending moments, 
the less reliance one feels inclined to put upon the recognised average constants that appear in books in 
WL 
"9 

After working out many cases from time to time, I certainly think a bending moment for any 
particular case approximated to without actually making the calculation is of very little, if any value, 
and the above results tend to strengthen this view. 

We have evidence in the paper of great differences in moments for only 8 per cent. change in 
pow ne what these would be, say with No, 3 hold empty in addition to the coal bunker, [ dread 
to think. 

Fig. 4 is most illuminating, but are we to infer from this diagram that our 450 foot ship in 
arrival condition has no sagging bending moment at all with a 15 foot wave? If so, it is a very 
fortunate ship. 

Passing on now to the other cases of loading of actual cargo, I do not propose to go into a detailed 
analysis of these results, but as the same ship is used throughout the series, I think it is rather hard on 
the coal burning ship to assume coal bunkers of 3,110 tons as against 850 tons of oil fuel. 

Oil as a fuel has certain calorific advantages over coal, but I should not have thought to the extent 
here shown—perhaps our engineering colleagues may have something to say on this point. 

I notice that the variations of cargo and bunker loading are based on actual cases, but I think there 
must be something wrong with this particular design to give such a concentration of load amidships, as is 
shown in Case 3. 

In ore vessels, and doubtless in others, heavy pitching is almost certain to take place with too much ore 
in the end holds, and an approximate safe limit in a 400 foot ship with five holds may be taken as about one 
eighth of the total cargo in each end hold. In the vessel referred to in the paper one would therefore expect 
something like 1,100 to 1,200 tons in each of the end compartments instead of a paltry 300 tons. The 
effect of such redistribution of cargo would undoubtedly be to reduce the very high sagging bending 
moment shown for this case, viz: 190,000 foot-tons. 

I am glad to see the Tables giving range of longitudinal stress—these, I think, have a certain com 
parative value along with the separate hogging and sagging results. 

I opened my remarks by saying that Mr. Ormiston had given of himself too freely in this paper. By 
that I meant that we had too much to discuss at the one meeting. 

I would not infer, however, that the succeeding sections on stiffness, pillars and girders have not 
equal merit, and I am glad our Transactions will be enhanced by their inclusion. 

I wish to add my thanks to those already expressed by other members. 


the form of bending moment = 


Mr. C. G. GHARING. 


I have read Mr. Ormiston’s useful paper with much interest and profit. 

The important question of range of bending moment is very neatly and effectively brought out by 
Fig. 4, and the range of stress by Table 4. The author does well in emphasizing this. 

His remarks regarding the non-effectiveness of second steel decks as contributing to the main 
longitudinal strength are to the point, if one only considers the comparatively immense openings that are 
cut in these decks amidships in way of the machinery space. 

The list of constants given in Table 8 for arriving approximately at the shearing stress at the neutral 
axis is interesting and workmanlike, particularly now that the Society’s requirements regarding riveting of 
the landings at the neutral axis in the forward and after bodies of large ships have been so much reduced. 

The author's remarks regarding uneconomical increases in the depth of girders, should be kept in mind. 

The weight of hull and equipment, given on page 1, would appear to be rather on the low side, I 
know of several other cargo vessels of the same type, and very nearly of the same dimensions, where this 
would be at least 250 tons heavier. Has this reduction been made by the application of the revised 
Rules? (To complete the information given regarding stresses, Mr. Ormiston might state how he has 
arrived at his scantlings, and whether or not his section has been taken in way of openings without 
deduction for rivet-holes.) The weight of engines, boilers and shafting is high for a cargo vessel, unless 
a very good turn of speed is expected. 

The preparation of Tables 6 and 7 is an excellent idea. It would be very useful if the percentages 


which the upper deck sheerstrake, stringer and deck plating contribute to the total z. could be given, so 


that the altered modulus which a slight difference in the thickness of any of these items would cause 
might quickly be determined. 


Mr. J. Hopason. 


The determination of longitudinal scantlings from the results of the usual conventional strength 
calculations requires careful judgment in interpreting the theoretical stresses obtained; how near these 
calculated stresses approximate to those actually experienced in service is a matter of more or less pure 
conjecture. 

Investigations into known case: of failure form the best guide as to what is a safe or unsafe 
calculated stress; another factor of influence is the probability of the assumed conditions being met with 
in practice. 

At one time, it was no doubt considered, that, for most yessels the maximum stress in the conven- 
tional hogging condition (such as is indicated in the results on pages 2 and 8 of the paper), was the 
governing factor. 

It is now, and has been for some time, I think, generally recognised that in addition to ascertaining 
that the above stress is within safe limits, it is also necessary to ensure that the maximum compressive 
stress on the deck, under any conceivable system of loading, is not likely to be critical. The necessity 
for this latter investigation is the one thing most clearly shown in the paper now under discussion. 

Referring to the results on pages 2 and 3 for the conventional homogeneous loading, I do not think 
Mr. Ormiston is at all justified in his statement in the third paragraph from the bottom of page 3; I 
venture to think that it would not be the “natural deduction” of many designers that a conventional 
stress of 8°6 tons tension on the deck of this size of vessel is indicative of “ample strength and to spare,” 
and it should be observed that this figure is appreciably in excess of the standard limiting stress contem- 
plated by the recent Load Line Committee. 

The subsequent results given in this section of the paper are instructive and generally it is shown 
that a concentration of cargo in the holds amidships may result in very high compressive stresses on the 
deck as well as high shear stresses. The compressive stress on the deck of 8*4 tons per square inch, 
obtained in two cases appears to approach the critical, because it might be possible for a ship of this size 
to meet with conditions approximating to those assumed in the calculation, and if a probable frame 
spacing and deck thickness of 27} inches and *46 of an inch respectively is taken, the above stress is just 
about the crippling stress of the plating considered as a strut between beams; in such circumstances 
buckling of the deck would occur. 
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I agree with the author that such longitudinal straining would not necessarily show itself sooner in 
a single deck vessel than in one haying two or more decks; in fact it may be argued that the equivalent 
single deck vessel having a thicker deck would be better able to withstand crippling under excessive 
compressive stress. 

Regarding the question of the effect of stress alternation, it has been argued that the results of 
experiments carried out at a high frequency of alternation cannot be applied to a ship in which the rate 
of change of stress is comparatively very low; nevertheless it seems feasible to expect the same effects in 
the ship material as are shown by the experiments. 

Evidence is not altogether lacking of the failure of longitudinal material from fatigue; it is 
sometimes found, more especially in transversely framed oil vessels, that deck plates have fractured, 
and in addition the deck is found slightly buckled in the same vicinity. At all events, I think that the 
likelihood of the chance of failure being increased by a large range of stress associated with a high value 
of compression should not be forgotten. 

Mr. Ormiston’s series of calculations on deck girder brackets are interesting but not too clear, and 
from the physical point of view some of the results are rather surprising. One result can be understood, 
viz., that the longer the bracket is made the more work it does and the more it requires stiffening, but 
the deflections obtained in cases like 4 and 5 seem rather unconvincing. 

With regard to the degree of constraint at ends, experiments have shown that a bracket connection 
as ordinarily fitted in shipbuilding practice, cannot be relied upon to give anything like complete constraint, 
and I think this is true even if the bracket is backed by another one on the opposite side of the bulkhead, 
because it has been found that there is always a certain amount of “give” in the connections and the 
slope of the beam at the end is not zero. ‘This should be borne in mind when determining the dimensions 
of girders on the assumption of fixed ends because it is conceivable in such circumstances that the beam, 
although strong enough, might not have sufficient stiffness. This seems worthy of attention in the 
exceptionally long girders now being adopted in new vessels. 

The author’s remarks on page 17 regarding the bracket attachment of pillars are not quite clear, 
and I should like him to further develop his argument in favour of a “snug” connection as compared 
with brackets. 

It would seem that well designed bracket plates under all circumstances must to some extent increase 
the strength of the pillar. 

Professor Lilly’s experiments on the wrinkling of pillars is mentioned, and I think it would have 
been useful to have given some of the deductions derived therefrom, e.g., it can be deduced that the 
minimum thickness of a tubular pillar is ,4; the diameter, that for a hollow square section 55 of the side 
dimension, and that for a cruciform section 4!, of the depth, &c. 

I would like to add my thanks to Mr. Ormiston for his paper which must have entailed a great 
amount of labour. 


Mr. R. 8. JoHNson. 


The paper opens with a specimen normal strength calculation for a typical cargo vessel and deduces 
from the results that not only is there ample strength provided, but that some reductions would be 
feasible. This statement is followed up by further calculations for the vessel under special conditions of 
loading, and from these cases the author finds cause to reverse his previous deduction, remarking that the 
stresses are in his opinion of a severe nature. In neither instance, however, does he express any opinion 
as to the limits he would propose for this type of ship. 

In any case it would rather appear that, whereas strength calculations based upon the case of 
homogeneous loading was a sufficient criterion in the past, some further refinement is necessary in 
application to present day practice. The changed basis from which scantlings and disposition of material 
are derived, and the increased experience and technical knowledge of the function of the ship’s structural 
members are gradually tending towards increased specialisation in design. : 

The ordinary tramp vessel, which could be subjected to almost any system of loading, is becoming 
less catered for, and design is gradually evolving the most economical vessel for “liner” services, 7.¢., for 
vessels employed in regular round voyages under standard particular systems of loading. 

One of the most interesting results given in the paper is the reduction in stress found in the cases of 
the oil-engined vessels in Table 2, where cases 3 and 4, and 5 and 6 are stated to be comparable. 
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These results appear to be due to the difference in the weight of fuel assumed, and the fact that oil 
fuel can be economically distributed throughout the vessel. The calculations in this case assumes the oil 
engine to have the same weight as that of the equivalent reciprocating engines and boilers, Some oil 
engines are heavier than the reciprocating type developing the same power, but it seems rather severe to 
assume that they are of the same weight as the equivalent reciprocating engines and boilers combined. 

In a paper read before the North Kast Coast Institution by Mr. Belayvin, it is stated that a 2-stroke 
engine can be designed having half the weight of a reciprocating type for the same power and fuel 
economy. He further states that for a vessel 445 feet in length and 55 feet beam, having a deadweight 
of 9,400 tons, which is practically the vessel taken by Mr. Ormiston, the weight of a 2-stroke 4 cylinder 
oil engine of about 3,000 LHP. steam indicated, would be about 320 tons including all pumps, 
compressor and flywheel but without thrust block. Comparing this with the ship in the paper, the 
machinery for which is taken at 920 tons, it will be seen that there are further possibilities for easier 
stress conditions in the oil engined vessel. 

As regards the Table on page 8, ib is agreed that the stress conditions for No. 2 are likely to result 
in greater strain to the vessel than would the conditions described under No. 1, but is this not due to the 
maximum intensity of stress rather than to the range, as suggested in the paper ? 

The points Mr. Ormiston wishes to make regarding girders are not quite clear. He rather discredits 
the value of brackets and either prefers small brackets, however these may be defined, or none at all ; 
which view he takes is not apparent. Brackets at a span termination do not themselves give fixity of 
ends, but where such a bracket is backed on the reverse side of a bulkhead by a similar attachment, the 
end conditions may well be considered as fixed and so comply with zero slope conditions at the end 
of the span. 

In working out the effect of varying size of bracket Mr. Ormiston has simply changed the girder 
form from the normal parallel type to one of double taper form, face bars being required in each case. 
In the latter case the stresses induced by the load are more directly transferred to the end attachments, 
and it is reasonable to assure ‘nereased intensity at this point. This being so, the author suggests 
increased riveting in the attachment where brackets are increased in size, but he does not indicate the 
limits which should be regarded when putting such a suggestion into practice. 

Mr. Ormiston also remarks that the arrangement of deck girders as fitted in a ship are not the most 
efficient in view of the distribution of loads. ‘This may be so when the deck area is considered piecemeal 
but taking the whole deck area into account, as well as local considerations, the present arrangement 
which gives continuity of the girder members appears to be satisfactory. 

As regards the various methods indicated for supporting the girders, the best method would generally 
appear to be that which, so far as possible, gives an arrangement of spans of equal length. F urther, such 
an arrangement would decrease any tendency there might be to set up unequal loading on the pillars, 
with consequent introduction of bending moment strains. 

The deflection results obtained by Mr. Ormiston and given in Table A are surprising. It is not 
quite obvious that there should be the increase suggested in view of the conditions assumed being such as 
give practically constant stress at AA. The gradual addition to the constraint along the span of the girder 
due to increased size of brackets would suggest that the deflection, in spite of the reduced inertia of the 
parallel part of the girder, in each case would have caused a gradual decrease in deflection and not an increase. 

The value 4B in case 4, Table A, is exceptional, and it would be useful if Mr. Ormiston would give 
some further amplification of this part of his paper in his reply to the discussion. 


Mr. C. H. Srocks. 


Mr. Ormiston’s paper contains much interesting information and he is assured of having created a 
deal of thought among his readers. 

However, whilst the isolation of particular problems and the determination of stresses for certain 
stated conditions, is of great interest and also value for comparisons, one cannot forget that a ship is a 
continually moving structure and that the number of problems and their variations in such a structure is 
well-nigh infinite. Due regard must be paid to this multiplicity and I therefore accept the author’s 
opinion on page 3 as regards ‘“ ample strength and to spare,” with some reserve. 

With regard to deck girders on the strength deck, it would appear that some concession might be 
given where the girders are fitted in line with the hatch coamings so as to form continuous members, but 
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if the concession was to be expressed as a certain percentage of the effective sectional area of the girder 
Yate | would it not be an inducement to fitting long spans and keeping the girder of minimum depth so as to 
Ihe | add sectional area ? Without doubt, benefit would accrue to longitudinal strength but it would tend to 
We be at the expense of the girder to function in its primary duty. pana. 
HI | H I am pleased to testify to the usefulness of the formula Mr. Ormiston gives for the approximation 
a ae of modulus of a girder. The value of K increases with increase of depth, increases with increase of deck 
f ne } plating and decreases with increase of face bars for the usnal case of deck girder, a common average 
i Fi value is 1*2 but values actually vary from as low as *4 to as high as 1°6 depending on the variables, depth, 
ib | deck plating and face bars. 
| a 
; } i 
Ho Tue CoarrMan—Dr. B. C, Laws. 
Hit fr} The author is to be commended on the amount of work which he has put into this paper. The 
HRA +b subject is very important and opens up almost inexhaustible details for enquiry and research, so that to 
Na Meh _ with it thoroughly would require much more than the 16 or 17 pages of printed matter contained in 
f the paper. 
Me If the author in writing this paper has committed any error at all it is to be found in his apparent 


rat desire to make the paper comprehensive with so small a space as that into which he has compressed so 
Mt much valuable information. 

In places the paper might have been clearer, ¢.g. it would have helped the reader very much had the 
mils diagrams of weight, bending moment, and shearing force, been accompanied by a scale so that the values 
at of these factors could have been seen at a glance. 

aH) There are many points in this paper which might well form bases for discussion, but there are 
+ two which I think stand out from the rest as affecting the principles upon which strength calculations 
ih are determined, viz., “ stiffness and deflection,” and “ absolute stress values in the structure.” 
a 

iy 


With reference to “ stiffness and deflection,” the “ modulus of elasticity” naturally enters into the 
\e calculation. The author has apparently assumed this modulus to be E—Young’s Modulus for Steel. 
hI Where If that is so, then the deflections which he has worked out cannot, except co-incidentally, be correct, 
HA) ae although perhaps they may be considered comparatively, but even so the modulus will vary with the type 
Wil i and construction of vessel. 
WAAAY estat E refers to homogeneous material, where the latter is constrained in one direction only—the direction 
oii) of pull or push, and is otherwise free to contract or expand laterally. 
anit Built up structures such as a ship are, considered as a whole, heterogeneous in character. It is true 
wii» they are generally built altogether of steel, but not only does the steel vary in character at different parts 
i] ee | of the vessel, due obviously to the difficulties in manufacture, but the vessel is subject to internal 
Nt) ea constraint in all directions due to the fact that the plates and angles are riveted together—the rivets 
\ themselves not being uniform in character, nor do they always fill the holes. The modulus then must 
WN ant be something different in value to Young’s Modulus, and might well be termed the “ apparent modulus” 
(i) | 4 for the structure, the actual value of which can only be determined by a deflection experiment on the 
i 


eM | structure itself. 
This point came into the discussion on Mr. William Thompson’s valuable paper, read before this 
an Association in 1922. The amount of deflection, viz., 1 inch in 100 feet, or relatively one in 1200, 
eH which he has suggested this evening appears to be reasonable, and is, it is thought, about the figure 
a) ata. which is worked to by bridge engineers and floating dock designers. 
WEA With regard to the question of stress, it is not at all certain that the maximum tensile stresses are 
| invariably borne by the top member of the girder, i.¢., the deck. 


H ‘| Practically the whole stress at the deck is due to longitudinal bending, but at the bottom of the 
De vessel the stress results from at least three causes, viz. :— 


t a. Stress due to longitudiual bending of the structure. 
1 Ee thee b. PA » transverse ‘3 oa » 
ih C. = » hydrostatic loading of the shell plating. 
Bi! id Depending upon the type of construction adopted, the stress in the bottom due to ¢ might easily 


exceed that due to longitudinal bending, and the resultant of the stresses a, ) and c, prove to be greater 
a than the stress at the deck. 
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In considering the question of strength we are perhaps prone to attach too much importance to the 
effect of longitudinal bending, or rather to give too little attention to those other factors which are of 
considerable importance in contributing to the absolute maximum stress which the structure may be 
called upon to withstand. 

There is one other point. At the bottom of page 2, the author refers to the change of sign of 
bending moment on the vessel. By change of sign is apparently meant that condition at which 
zero bending moment is experienced amidships. 

A case where zero bending moment would result at still water condition, is that of a vessel of 
uniform section, weight and loading as, e.7., a rectangular box with homogeneous cargo. 

In the case of an ordinary vessel, there is obviously an amplitude of wave in which, with the crest 
or trough situated amidships, zero bending moment would result, and Fig. 4 gives that amplitude for the 
case of the vessel dealt with as 9 feet and 15 feet respectively for the departure and arrival conditions. 

But if we consider a progressive wave profile of any amplitude such as would be actually experienced 
by a vessel in passing through the water, zero bending moment might occur amidships for some relative 
position of the wave profile and of the vessel at which the trough (or crest) of the wave is situated 
between amidships and the ends of the vessel. 

The benefit of papers read before this Association is much enhanced by the discussion, and the 
author should be well satisfied with the discussion on his paper this evening. 

The Chairman moved that the best thanks of this Association be given to Mr. Ormiston for his 
paper. 


CORRESPONDENCE. 
Mr. S. T. BrYDEN. 


I wish to thank Mr. Ormiston for a most interesting and valuable paper. One of the most 
frequently observed defects in a vessel is the buckling of her deck plating, particularly in the half-length 
amidships. From Table 2 it would appear that a maximum compressive stress is received by the deck 
when sagging in the ballast condition. As stated on page 8, the deck ‘is composed in the ordinary ship 
of one thickness of steel plate without the assistance of any fore and aft structural members, except the 
usual plate girders.” From the point of view of strength as apart from considerations of design, is not 
this a sound justification for the fitting of top side ballast tanks, which not only carry considerably more 
ballast, distributed in such a manner as to reduce the sagging bending-moment and raise the position of 
the neutral axis (again reducing the stress on the deck), but also act as thoroughly efficient girders to 
prevent the buckling of the deck itself. The results deduced in Table 2 also show the desirability of 
adopting longitudinal framing for the strength deck. 

On page 13 Mr. Ormiston implies that he does not consider the position of deck girders, as usually 
fitted in line with the sides of the hatchways, to be the most efficacious one. In the case, however, of 
old vessels not fitted with deep continuous girders, the buckling of the deck is by no means confined to 
that portion between the hatch coaming and the sheerstrake, but takes place largely between the centre 
line and stringer plate clear of the hatchways altogether ; often between the hatchways and the ends of 
the bridge. The defect would be doubtless even more frequently found in modern ships, but for the 
deep girders, which appear to me to be well placed in their usual position in line with the hatch sides, 
more or less dividing the beam span into its best proportions. 

From the figures in Tables 6 and 7 it appears that for a cingle-deck vessel the strength-deck and 
side plating together contribute from 93 per cent. to 97 per cent. of the total longitudinal strength of 
the vessel’s section, leaving the contribution of the outer and inner bottom plating only 7 per cent. 
to 3 per cent. ! 

The curves in Fig. 18 showing in graphic comparison the rules of the various authorities for the 
crippling load for pillars is very interesting. Some of these appear to be widely divergent, but for mild 
steel pillars with fixed ends a straight line formula averaging the various authorities would be 

P = 23-9 — -08R 
where P is the crippling load in tons per square inch and R is the ratio of the length of pillar to least 
radius of gyration. The American straight line formula gives values of P on the small side as compared 
with those obtained from the other anthorities. 
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Mr. A. Urwin. 


We are indebted to Mr. Ormiston for his investigation of straining actions which occur in the 
departure and arrival conditions for various distributions of the cargo. In all cases investigated the 
stresses obtained are within reasonable limits for calculated stresses and do not appear to call for any 
special comment. It is noticeable, however, in the cases chosen that the distribution of the cargo ranges 
from homogeneous cargo to various concentrations in the midship holds, é.e., the balance of the dead- 
weight cargoes is put into the end holds after the main holds have been filled. I think at least one case 
should have been taken where the weight in the end holds exceeded the weight of the homogeneous cargo, 
this being a very common case, and would occur with a cargo of coal which stows at approximately 
45 cubic feet to the ton. Many owners make a special point of loading the ends to the fullest extent and 
leaving the unrequired space in the Nos. 2 and 8 holds, with the object of turning to profitable account 
any deflection of the ship that takes place. The gain from a deadweight point of view may be more 
imaginary than real, but not being an unusual occurrence, an investigation of the stresses, especially with 
the bunkers out, would have been of special interest and would have shown higher stresses than in cases 
considered. With a cargo of greater density than coal it is conceivable that this practice could be carried 
to a danger point, as the law with regard to draft only requires that the freeboard dise be not immersed. 

Experimental investigation of stresses set up by heavy weather are unfortunately rare. In their 
absence much can be learned of the behaviour of structural parts from certain damage cases. The subject 
of longitudinal straining action brings such a case to mind. A vessel grounded on a bank in loaded 
condition and due to the fall of the tide the top of the structure experienced severe tensile stress. The 
vessel was approximately of the same dimensions as the one mentioned in the present paper, and had two 
complete decks and a bridge deck. The stress was sufficient to make the vessel permanently “hogged,” 
and on one side the bridge deck sheerstrake was fractured the full depth through the first line of rivet 
holes in a quadruple riveted overlap, the bridge deck sheerstrake on the opposite side did not crack, but 
was stretched, the shell rivets in the bridge deck stringer bar on both sides being started for a length of 
about 40 feet, commencing from the bridge end. The bridge deck itself was undamaged excepting the 
beam knees which buckled slightly when the shell rivets in the stringer bar were strained. After 
discharging the cargo and drydocking and being gradually allowed to settle on to a level keel, the bridge 
deck sheerstrake “wrinkled,” the maximum wrinkle being about 2 inches. Again the bridge deck suffered 
no damage. I would add that the bridge deck and decks below were fitted with excellent girders and 
wide spaced pillars. 

With regard to the author’s comments on lower decks, observation of ships in service seems to bear 
out the contention that they experience little longitudinal straining, for whilst evidence such as cracks at 
hatch corners and buckling of deck plating is sometimes seen in upper decks, the lower decks seem to be 
immune from such evidence. 

For a vessel 400 feet long a deflection of 2 inches when loaded in still water is often obtained, this 
seems to be in keeping with the results given in the paper when the ratio of the bending moments for still 
water and sea conditions are compared, and seems to show that the value of & chosen is approximately 
correct. In spite of sliding joints on the steering gear control rods, cases occasionally occur where the 
rods give trouble owing to the deflections experienced by the ship. 

For the purpose of comparing the importance of the decks with the shell, Mr. Ormiston gives two 
tables of ratios. As faras the results of Table 6 can be judged without the full calculations being avail- 
able the A ratios seem to be in order, but the M ratios appear too high. Has not the strength deck been 
expressed as a percentage of the strength above the neutral axis only, instead of the total section as stated ? 

The comparative merits of the deck girders given in the paper are of interest and well worth noting 
and I would be obliged if Mr. Ormiston would state what part of the deck plating, if any, was taken into 
account. 


Mr. A. PickwortH. 


I consider Mr. Ormiston’s paper a valuable addition to the papers which have already appeared on 
the subject of the strength of ships. 

It forms most interesting reading and will be useful as a work of reference. 

The preparation of the calculations and diagrams apart from the analysis of the results, must have 
entailed a great deal of close application and hard work for which the writer deserves our best thanks, 
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Those who have occasion to calculate the section moduli of girders will no doubt have thought, on 
first reading page 13, that a time saving alternative to the numerous and tedious calculations hitherto 
performed had been offered to them, but the author has, may [ say unfortunately, omitted to give the 
values of “k” which he, after long experiences, has found suitable. I am sure we will consider the 
paper even more useful if Mr. Ormiston will be good enough to supply the coefficient for the types of 
girders commonly met with in our work. 


Mr. G. Dykes. 


I propose to confine my remarks on the author’s very valuable paper to the section on pillars, in 
which, in Fig. 8, he draws attention to the diversity existing between some of the better known crippling 
formule for struts. 

It might prove of interest to the Association to refer to the considerable amount of investigation 
which, from time to time, has been carried out in Continental countries as regards the crippling values of 
pillars of various section and design by Boch, Bauschinger, Emperger, Engessen, Kroher, Niitter-Breslan, 
Rudloff, Tetmajer, and others. 

At the outset it may be pointed out that the correctness of Euler's formula has been convincingly 
proved from these investigations, provided the formula is applied within the limits of elasticity of the 
material. Tetmajer’s tests were on full-sized sections of various types, solid circular, tee bar, single 
angle, single channel and channels or angles with bracing. Tetmajer, from the results of his 
experiments which covered a period of 10 years, did not make any deductions nor did he construct a 
formula therefrom, but set the results down on a diagram. Within the limits of elasticity of the 
material Tetmajer’s tests confirm Euler's formula, and within this limit he drew a curye on the diagram, 
while beyond this a straight line was taken to represent, on the safe side, the results of the test. ‘The 
equation of this straight line may with sufficient accuracy be expressed as 22 — ‘08 x » tons per square 
inch, where L = length of strut, and k = radius of gyration of strut. Tetmajer’s results are generally 
accepted on the Continent, and are adopted also in America. 

‘As a result of some failures in the years 1908-11, in Germany, of braced struts, it was decided by 
the State Railways and the Bridge Constructors to go into the whole question of the crippling of struts. 
Karman, who carried out tests on solid section struts, in connection with this inquiry, obtained results 
as follows :— 

Karman’s investigations and formula apply beyond the limit of elasticity of the material, and within 
this limit confirms Euler’s formula. His formula differs from Euler’s only in that instead of E, he uses 
a variable modulus. Karman’s investigations confirm also those of Considere and Engessen. Karman’s 


formula is :— tM 
i= (+ ) tons per square inch 


k 
ued gt 
where M is variable modulus of elasticity : the value of M varies with ratio >— and as the stress : 


L is length of strut, and 
k is least radius of gyration of strut. 


—-- mu 
The tests on braced channel and angle struts, thus:— [[ JJ and ‘as part of the inquiry 
“fi ign 7 ‘Ll! 


referred to, were carried out by Rudloff. From these it was found that the full value of the moment of 
inertia of the section could be obtained oniy when the bracing was spaced according to the following 


formula :— Cn 
Ss= / Ee where 


S is spacing of the bracing from centre to centre, 
I is least moment of inertia of a single section, 
P is load to be carried by a single section. 


i] 
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The bracing is to be of the same breadth as the web of the section, while the bracing at the ends of 
the strut should be 50 per cent. broader. Where angle, tee, channel or J sections are used with bracing 
on one side, their resistance to crippling was found to be reduced from 30 to 50 per cent. 

Investigations carried out to ascertain what length should be used to calculate the crippling 
resistance, showed that for hinged ends the full length of the strut should be taken with one end fixed 
and the other end hinge’ 0°7 of full length, and with both ends of strut fixed 0°5 of the full length, 
should be used. 

A large machine capable of testing full-sized columns has been erected at the Imperial Testing 
Establishment, Berlin. 

The results of all tests carried out are published and circulated among Bridge and Constructional 
Builders who subscribe to the expense incurred in the carrying out of all such investigations. 

I should have liked to have offered some remarks on girders but the opportunity did not present 
itself at the time. A great deal depends on the spacing of the rivets connecting the face bar to the web 
plate of the girder. A girder with one face bar only is not so strong as one with the same area disposed 
over two face bars to make the section symmetrical. For one thing the riveting in first case is in single 
shear, but in the second arrangement with two face bars, the rivets are in double shear. 

I thank Mr. Ormiston for his interesting paper. 


Mr. W. BENNETT. 


Reviewing Mr. Ormiston’s paper with the somewhat similar one given by Mr. Thomson in March, 
1922, the following inferences may be made with respect to vessels about 450 feet in length :— 

(1) For oil tankers with machinery aft the maximum stresses occur in the sagging condition, the 
stresses tending to increase when the vessel is loaded with the midship tanks full and the end tanks empty. 
The bending moment coefficient varies from about 25 (with three end tanks empty) to about 50 (with 
three midship tanks empty), the average coefficient being about 35. The shearing force coefficient varies 
from about 5 to 9 under similar circumstances, the average being about 7. 

(2) For oil tankers with machinery amidships the maximum stresses occur in the hogging condition, 
so that the reverse conditions to (1) holds, namely, that the stresses tend to increase when the vessel is 
loaded with the end tanks full and the midship tanks empty. The stresses are, however, on the average of 
smaller amount than in (1). 

(3) In the case of tankers with machinery amidships carrying very dense cargoes in bulk, such as 
molasses or heavy oil, owing to the concentrated and intensified nature of the cargo, the sagging stresses 
become unusually severe. This has been shown by experience to be the case in vessels which have come 
under survey at various times. There is a molasses tanker coming in for alterations shortly at New York, 
with a view to increasing the stiffness of the deck owing to signs of weakness having been reported. 

(4) In the case of ore carriers there would seem to be little difference in the stresses as compared 
with similar oil tankers when the machinery is amidships, but about 25 per cent. increase in the case of 
the ore carrier when the machinery is aft. 

(5) When we come to consider the ordinary cargo vessel we find that while the stresses on the whole 
are not as severe as in the cases above-mentioned they vary considerably, due to the nature and disposition 
of the loading. The distressing feature is the large range of stresses which have to be borne by the upper 
deck plating as compared with those borne by the bottom. 

If Mr. Ormiston’s paper is successful in directing our attention to this phase of structural design it 
will have served a very useful purpose. In general, I think it may be said that the double bottoms of 
present day ships are too heavy and upper decks too light. The new rules have improved the structural 
strength in this respect by insisting on heavier upper deck plating. As pointed out by Mr. Ormiston, the 
support of the deck plating is a vital matter and should be given rather more careful consideration 
than it ordinarily gets by insisting on a more adequate arrangement of pillars and girders and in the case 
of the latter a minimum depth depending on the load and the span. The frequent occurrence of cracked 
and buckled decks shows the need of attention being paid to the top flange of the girder. 

It is observed that Mr. Ormiston has chosen the poop, bridge and forecastle type as his standard case. 
It frequently happened in working out the stresses on the longitudinal material of a vessel (built to the 
old Rules), with and without the bridge erection, that the stresses were higher with the bridge than 
without it. This was, of course, accounted for by the fact that the distance of the bridge material from 
the neutral axis had a greater comparative influence on the “y” value than on the moment of inertia. 
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In the case of a vessel, the scantlings of which are arranged in accordance with the Revised Rules, 
this anomaly would not be found as the scantlings are arranged in relation to the draft, both in way of 
the bridge and in the “ wells.” 

With reference to Fig. 18 of the paper showing various diagrams of crippling loads on pillars, it is 
concluded the length of pillar and least radius of gyration are in inch units. 

Lam sure Mr. Ormiston has put quite a large amount of labour into the preparation of this paper 
and I wish to congratulate him on his excellent contribution. 


MEETING OF NEWCASTLE BRANCH OF LLOYD’S REGISTER STAFF 
ASSOCIATION. 
Thursday, 20th March, 1924. 
Mr. F. R. Noron in the Chair. 
Mr. G. L. Brown. 


Mr. Ormiston’s paper, consisting as it does almost entirely of tabulated results of calculations made 
by himself, and giving no opinions and drawing no definite conclusions from them, does not lend itself to 
criticism, 

On page 3, in one paragraph, he gives what at first sounds like an opinion—that the scantlings of 
the modern ship structure might be reduced, but the opinion is so hedged and guarded and reserved, that 
it sounds like an answer to an awkward Parliamentary question. 

The paper is specially valuable, however, in the fact that it concentrates attention on the fact that 
distribution of loading and the burning of fuel make vital changes in the stresses ; and on the question of 
range of stress—extreme hogging to extreme sagging—as being at least as important as the absolute 
amount of either. The fractures observed—in the old days frequently, in present times rarely—on top of 
sheerstrake and bulwarks and deck plating, in my opinion, are not the result of tension on the parts, but 
of alternate compressive and tensile stresses. 

Those fractures still frequently found on the bottom plating of transverse framed oil carriers are 
also, in my opinion, the result of alternating stresses aggravated by the varying stresses caused by the 
acceleration and retarding of the liquid cargo, due to the pitching and rolling of the vessel. 

The calculations for deflection, in my opinion, are interesting, but not of much practical value. 
Calculations of this kind were made many years ago, but every attempt to confirm their results by actual 
sighting proved futile. The assumptions in the calculations are too large. The effect of the necessarily 
somewhat abrupt changes of scantlings in the length of the vessel cannot be calculated, and the values 
assumed for E and G too arbitrary. 

It would be interesting, if, on some actual vessel sights could be fitted on the vessel before loading 
and again after loading and the observed deflection compared with that obtained by the calculation. 

I remember an attempt made to do this on a small scale, when a steam launch—I think about 50 ft. 
long—was perched on a cradle placed under the bottom amidships and left unsupported over the rest of 
the length. Known weights were piled gradually on deck at the ends and the increasing deflection 
observed, but before the experiment had proceeded far enough to be interesting both launch and experi- 
ment were vitiated by the upward collapse of the bottom in way of the cradle. 

Mr. Ormiston’s observations on pillars and his graphic comparison of the results obtained from the 
various formule that have from time to time been evolved for pillar calculations are very interesting. 

I wish he had given us a sketch or suggestion of what he would consider a “snug” arrangement of 
connections at ends of pillars to take the place of the usual bracket plates, which as he rightly points out 
may increase the stresses concentrated on the pillar. 

Mr. Ormiston is also right in pointing out that it does seem to be a pity that the usua] arrangement 
and position of girders at the head of wide spaced pillars do not allow of full advantage being taken of 
these girders in resisting compressive stresses on the deck material, and I am sure owners and builders 
would be glad of any suggestion that would enable this desirable end to be secured. 

The paper must have meant a great deal of patient and skilful work and our thanks are due to Mr. 
Ormiston for it. 

Mr. J. Harporr.e. 

Mr. Ormiston states that the natural deduction to be drawn is that the modern ship structure has 
ample strength and to spare, and that possibly some reduction in scantlings might reasonably be 
considered if loaded with a uniform homogeneous cargo. He also shows the stresses due to variations in 
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loading with regard to the B.M. and S.F. Generally speaking, the maximum B.M. occurs about 


midships while the shearing force occurs at about a quarter the length of ship from end to end, and we 
> 
4 ' M ? : : 
can find the stresses as far as p= goes, but I would like to ask Mr. Ormiston if he has ever taken 


the forces due to the acceleration of the moving weights into account, and, if so, what sort of an 
alteration this would make to the curves? I mean, due to the vessel's rolling, pitching, and forward 
velocity. If x isa quantity depends on time, and if dx = change in x when dt = change in t, then 


; represents the rate of change of x with regard to t at any instant, thus if x is the distance 


O ax 
| 


: na é gar ; a 
of a body P from the point O, then if it moves a distance dx to P, in time dt its velocity is a= 


P, 


or if a body has a velocity V at any instance and in time dt this increases by an amount dy then the 


: ; P . dv Pe elle Fe : 
acceleration or increase of velocity per second is 4; and as V is qj, the acceleration is 443 and if we 


; : Je ae fsx - 
multiply the acceleration by the mass we get the force excited ry de= P or again, near enough to 
show an alteration, say, with a heap of iron ore placed at a distance r from the centre of gyration of 


rx\ro 


pitching, we have meat show this force. 


I am, however, sure Mr. Ormiston will be able to give me a right and proper formula for this force, 
which must be considerable. The reason I ask this is that I had to do with a vessel which had decks, 
floors, and other parts of the structure, distorted through an iron ore cargo. This vessel and another 
sister ship left Sweden together with the same weight of iron ore as cargo. One had the cargo placed in 
five dumps on spring dunnage in the holds, the other (the one which had the damage) had the cargo 
placed in the holds in three dumps and without spring dunnage. After the damaged vessel was repaired, 
the cargo was replaced on spring dunnage in five dumps and she continued in the same trade without 
further trouble until enother captain placed the cargo into the vessel in three dumps without spring 
dunnage, when the old trouble again appeared. 

I thank Mr. Ormiston for a very interesting paper. 


REPLY BY THE AUTHOR. 


. I would like to thank my colleagues for the valuable criticism and discussion extended to my paper. 
A paper is the expression and opinion of one ; a discussion embodies the opinions and experience of many. 
The latter is therefore the almost necessary complement of the former. 

In answer to Mr. Gearing’s and Mr. Dobson’s queries regarding the section taken for the moment of 
inertia, this was taken abreast a machinery opening of normal breadth and no longitudinal stiffening was 
included except that the sectional area of deck plating was adjusted to suit the breadth of deck opening. 
Undoubtedly the fitting of a wood deck, as Mr. Dobson from his experience says, is of value against com- 
pression at the deck. The doubling plate referred to under a hold pillar is good practice I think, and 
should adequately distribute the load from the pillar. 

The deck girder to which Mr. Dobson refers was actually built as shown and manholes were fitted in 
vertical web plate. 

I shall have pleasure in making an estimate later showing the relative importance of shear to bending 
as regards deflection in a vessel of abnormal proportions as suggested by Sir Westcott Abell. f 

I am of the opinion if the hold is not unusually long that one wide spaced pillar fitted at mid length 
of hatchway would certainly form an economical arrangement whether viewed from a design, construction 
or operative point of view. If, however, the hold is longer than usual, such an arrangement might 
involve heavy and costly deck girders. No allowance has been made for the unsymmetrical character of 
deck girders’as it was assumed that the usual arrangement of tripping brackets and stiffening angles 
would develop the full efficiency of the girder. As Sir Westcott says, the question of the amount of 
provision against tripping is not always adequately considered. 
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_ Undoubtedly, Fidler’s analysis of the strut problem is a very satisfactory one and in response to 
Sir Westcott Abell’s request the following statement indicates briefly the lines of analysis adopted by 
Fidler which, it may be stated in passing, was very similarly carried out by Moncrieff. 

Fidler’s formula for hinged ends, that is struts with ends position fixed, is 
p = Breaking or crippling load per square inch of cross sectional area of pillar or column 


a AnD a/ (r+ BY —4/RO - 0) 
2(1— 0) 
where / = ultimate compressive strength of the material of column 
R = Euler’s stress per square inch for ideal hinged end column 


o=0 i where C = coefficient to take account of the factors stated below applicable to the 


practical column 
y = distance from neutral axis of column to extreme fibre 
k = radius of gyration of column section. 
Briefly, the method of analysis to arrive at this expression was as follows. First the ideal strength of 
the pillar was obtained, the ideal strength being taken to mean the strength of a perfectly straight and 
solid column of perfectly homogeneous material in which the axis coincides absolutely throughout its 


i} 1-2 
length with the line of direct load. This leads to a value for R for ideal column = me that is 


Euler’s formula for ends free to turn. Discussion of the conditions realised in practice follows and it is 
pointed out that there is nearly always some eccentricity due to imperfections of workmanship, want of 
uniformity of the modulus of elasticity of the material throughout the column and friction at the ends, as 
at the ends of connecting and eccentric rods which are examples of pillars. The deflection of the 
practical column may then be looked upon as consisting of initial deflection due to one or other of the 
foregoing and the actual deflection reckoned from this initial curved line not truly concentric with the 
line of load. The greatest bending moment is the product of the load W on the pillar by the maximum 
W 
5 kepo—y where W = actual load on column and 
e = eccentricity of line of load; the others are expressed above. The total compressive stress on the 


deflection 8 the latter Fidler shows is equal to 


compression side of the pillar is then f + p where f= Wé and p= _ A = sectional area of column and 


hence p is equal to above expression which, from observed variations in elasticity of iron and steel and of 


the variation of the ratio z in different forms of cross section, can be written 
S 


f+ R—a/ (f+ R)? — 24fR 
p= a 


“a 


for “free” ends. 


Fidler gave a table for wrought iron and steel pillars both for round or “free” and “fixed” ends, and he 
suggested for /the value 21°4 tons per square inch. For pillars with “fixed” ends, Fidler suggested the length 
of the equivalent round or “free” ended column to be y%; of the total length of the “fixed” ended column. 
A higher limit of strength may thus be set down on a curve to represent the strength of the ideal 
column, and another from experiments of the actual minimum strength of the practical column, and, 
as Fidler stated, the strength of columns must therefore really be presented by an area within which 
the results of individual experiments may be expected to place themselves. 
Among other column formule represented on Fig. 18 are :— 
Rankine (mild steel) “fixed” ends 
ae S 214 
iis. dba Lie 
1 + 30,000 k? 
L = total length of pillar. 
These are Christie’s values of the constants for steel. 


tons per square inch. 


18 


From a formula by Moncrieff derived similarly to Fidler’s, the following values hold :-— 


| += ie al Rd Ga Soi (i | eS 160 | 200 | 
B k at ; | | Uae |. 2 | 
| Crippling stress in tons | eh 

SUICSS 20: e 7. } Re . . | 
| per square ind 2071 | 19°4 | 178 | 16 0 11°9 | 1 | 


With regard to Mr. Townshend’s remarks, I do not think any material increase in accuracy would 
be obtained by taking exact account of the manner in which the weights of the engines and boilers are 
transmitted to the hull, as the weight diagrams given in the paper show that the effect of the weight of 
the propelling machinery is much less than that of the cargo weights, especially when the latter are 
stowed as to cause severe stresses in the structure. 

T am glad to see that Mr. Townshend agrees with my statement on page 3 regarding the sufficiency 
of strength of the modern ship structure if uniform homogeneous cargo stowage only is considered, and 
would, speaking generally, endorse his remarks regarding height of wave for long waves, although a 
recent paper read before the Institute of Architects gives information of considerable wave height in 
association with a wave of over 800 feet length. A 7} tons per square inch stress for the strength deck of 
a 550 feet ship, seems very reasonable if this refers to bending on a length and height of wave of the 
usual assumed proportions. 

As Mr. Edgar says, no figures are given in the paper for stresses other than those due to structural 
longitudinal straining. It was my intention to have presented for consideration a few of the stresses 
mentioned by Mr. Edgar, but time did not permit. 

The statement at bottom of page 3 is based on experience that for uniform homogeneous cargoes the 
modern ship structure has ample longitudinal strength when this is considered in the usual way, and an 
array of strain meters on the strength deck (with facilities for keeping an extended record of their 
readings) would appear to be the only way in which it would be possible to decide to what extent the 
bending stresses obtained from conventional methods really occur. Even with this information it is 
doubtful whether absolute values would be obtained. 

As ships are usually constructed of the same material, all should be designed for the same stress at 
the strength deck for similar conditions of loading; but it is pretty well agreed that larger ships may be 
quite successful with scantlings which give a higher longitudinal structural stress at the strength deck 
han for smaller ships, when the stresses are obtained in usual conventional manner. In small ships, of 
course, the necessity of providing suitable minimum scantlings, coupled with the fact that these ships 
usually have plated strength decks, result in making the longitudinal bending stress on them small. 
Comparison enters very largely into the question of suitable stresses in ship structures, and indeed also in 
bridge and similar structures, notwithstanding that numerical values for straining actions on bridge can 
be more definitely calculated than for ships. 

The point raised by Mr. Edgar in connection with the extra material in the double bottom under the 
machinery is of interest, but I do not know of a case where trouble arose from this cause. One would 
not readily expect trouble in this neighbourhood in a double bottom structure. 

Several speakers have evidently considered that the view expressed on page 3 regarding the 
sufficiency of the longitudinal structural strength of a ship has been abandoned later on in the paper. 
The investigations commenced with cases of uniform homogeneous loading and proceeded to the 
consideration of various degrees of departure from such loading. It surely does not seem inconsistent 
if one’s opinions regarding the strength necessary to withstand entirely unlike conditions of loading are 
appropriately unlike. 

As Mr. Thomson says the effects on the stresses of departure from uniformity and homogeneity in 
loading afford much food for reflection especially in view of present day opinion on the relationship 
between draught and scantlings and I agree most emphatically with his suggestion that some special 
provision should be made, when necessary, against undue concentration of water ballast and bunkers 
amidships, also I note that Mr. Thompson agrees with my remarks as to the value against longitudinal 
bending of decks below the strength deck. Too much value is attributed to them for this purpose, in 
view of what they are otherwise asked to do. The expression given on page 14 for the support moment 


can readily be obtained from the fact that for zero slope at ends of span the area under the bending 
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moment curve for simple support equals the area under the support moment curve: the latter of course 
for equal moments each end is a rectangle. An increase in the area of the face bar in the parallel portion 
of the girder would reduce the stress generally in the girder. As the maximum deflection is inversely 
proportional to the moment of the area of the curve of M.I. of girder the relative deflections given in 
Tables C and D seem comparable. 

Mr. Ives draws attention to the important point that the stowage of load should be arranged so that 
the resulting hogging and sagging stresses be as nearly as possibly equal and to the importance of 
visualising range of stress over various voyages. 

The remarks of Mr. Ives with regard to eccentricity of loading on pillars causing the magnitude of 
the tensile stress on one side to be different from that of the compression stress on the other side of the 
pillar and thus tending to aggravate the buckling are interesting. This is most important and undoubtedly 
there must be some very complicated states of strain in the material on planes between planes across which 
there is tension and those across which there is compression. I do remember a case of failure in the web 
of a well known type of ships davit which was attributed in a degree to this. 

As Mr. Johnson says the ordinary tramp ship is giving way to more specialised designs to suit 
particular trades. The stress figures given in the table show the necessity for more attention being paid 
to this than has been the practice. The weights of oil engines given by Mr. Johnson represent surely a 
big step in design but as already stated variations in the weights of propelling machinery are not really of 
primary importance when compared with possible and probable variations in disposition of cargo, bunkers 
and deep tank ballast weights. I do not believe that the presence of a deck girder on both sides of the 
bulkhead of necessity guarantees zero slope at that point. Every member of the girder is cut or stops 
short each side of the bulkhead except the deck plating and as Mr. Hodgson points out in his remarks it 
has been found that there is always a certain amount of “give” in the connections and the end slope of 
the beam is not zero. Mr. Johnson refers to the rival claims of different arrangements of deck girder 
support. These increase the difficulty of the matter. 

Mr. Johnson and some of the other speakers debate the figures on stress and deflection of deck 
girders. A general conclusion to be derived from these, is that the best place to mass material along the 
span is at or near the mid point of the span, unless the face bar and web plate of the girder are 
continuous over the heads of the pillars, in which case it is reasonable to reckon that the greatest 
moments will be experienced in the neighbourhoods of the supports. What the exact condition of 
constraint where, as at a bulkhead, the girder material is replaced by rivet material, is exceedingly 
difficult to say. 

The tensile stress in Table 2 of 8°6 tons per square inch, to which Mr. Hodgson refers, is of course, 
a comparative one, and it is a stress which has been commonly borne by the strength deck of a modern 
merchant ship without any signs of trouble. As Mr. Hodgson points out the strength deck plating, if 
subjected to the compressive stresses indicated, would (considered as a strut between the beams) be in 
danger of crippling. I have suggested this in the paper and have more than suggested it once before in 
the discussion on Mr. Henry Thomson’s paper on Oil Carrying Vessels read before this Association. 
Large brackets at the ends of wide spaced pillars in ships are often not adequately stiffened on their edge, 
and if flanged, the flanges are cut short where most required, namely, at their junction with the edge of 
the girder and at the pillar itself. If as is sometimes seen, the length of the bracket is greater on one 
side of the pillar than the other, eccentricity of loading is produced. The case for large brackets at the 
ends of channel or angle pillars seems to be rather weak in view of the fact that hollow circular and 
rectangular pillars appear to be efficient without brackets. Snug bracket arrangements seem to be quite 
common practice in civil engineering structures. It seems to me very doubtful that much of the load 
transmitted along a pillar can be transferred to rivets which are quite a considerable distance from the 
line of load. In fact it would appear to be an analogous case to the bracketed girder analysis given in 
the paper. Mr. Brown refers to this point in his remarks. 

I am glad to see that Mr. Stocks has found the formula for modulus of section given on page 13 useful, 
and with regard to Mr. Pickworth’s request for values of “k”’ the coefficient in the formula, I would say 
that as the value of this depends on the amount of deck plating to be assumed as acting with the girder, 
no useful purpose would be served in suggesting values of “k.” I should get involved in the 
thorny jungle of opinion which surrounds this point, an answer to which could only be obtained 
from experiment. 

The apparent discrepancies in the bending moments shown in diagram Fig. 4, referred to by 
Mr, Akester did not appear to me to exist. Obviously the zero line must be passed somewhere, and the 
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cases calculated lie well on the curves shown. For the arrival condition one would expect that the 
bending moments would be hogging, and that an appreciable wave trough would have to be experienced 
before compression would occur on the upper works of the ship. 

I am glad to see that Mr. Gearing endorses the opinion expressed in the paper that second decks 
contribute little to the longitudinal strength; Mr. Gearing is the only speaker, I think, who has 
discussed the remarks on economical depth of girder on page 14. 

Several speakers refer to the figures for M in Tables 6 and 7. To obtain these the modulus of section 
at the gunwale was first calculated, every item included. Then the strength deck area was omitted, and a 
on modulus value at the gunwale was obtained, and the percentage given is the ratio of the former to the 
atter. 

The buckling of the deck plating within the line of hatchways referred to by Mr. Bryden, is 
interesting and a little surprising. The straight line formula for pillars suggested by Mr. Bryden should 
be useful. 

The cases of fracture of the upper works of a vessel which had grounded, mentioned by Mr. Urwin, 
is most instructive, and again it is to be noted, that another colleague adduces evidence as to the small 
contributory value of lower decks against longitudinal bending. 

Dr. Laws remarks are illuminating. With regard to the value to be assumed for E for deflection, 
nothing absolute is claimed for the deflection figures given in the paper. Dr. Laws arguments make this 
matter very clear. 

I am inclined to think that some of the other straining actions referred to by Dr. Laws may sometimes 
not be entirely cumulative in effect. 

Mr. Harbottle suggests an excursion into the question of dynamic effects, but this paper is quite long 
enough. An element situated at a distance 1 from the axis of motion, will have on it a force at right 
ve 
d t? 
pitch and also if the element be considered as moving in the are of a circle, a centrifugal force 
proportional to | (2) exists acting along the radial line. These are in addition to force of weight, 
and if simple harmonic motion be assumed, the value of the angular acceleration and angular velocity 
could be ascertained. As Mr. Brown points out, failures at the topsides are probably due to alternations 
of stress. 

Mr. Bennett’s analysis is valuable and epitomises the results of variation of loading. The length of 
pillar and radius of gyration are both in inch units, 

Mr. Dykes has favoured us with a treatise on struts. I think I must apologise to Mr. Dykes for 
omitting to refer to Tetmajer’s and Karman’s analyses which were not unknown to me. Tetmajer proposed 

Length of pillar Se a ag “pn 
Radius of gyration ®244 straig t line for the smaller values. 

The choice of a formula is not simple when there are so many forms. Fidler’s, Moncrieff’s, and the 
various values of the Rankine-Gordon formula are wave line figures. A straight line tangential to the 
Eulerian curve has been suggested. Tetmajer’s straight line meets the Eulerian curve at a value of 
105 for above ratio, but is not tangential to it. An investigator, Ostenfeld, has made a thorough 
analysis of experiment work on columns, and suggests the Parabolic-Euler combination with the 
parabola tangential to the Eulerian portion as giving the greatest degree of exactness over a consider- 
able range. ‘The best method to adopt in design is to choose a well tested form such as Fidler’s, Rankine 
with Christie’s constants for steel, Tetmajer’s or Karman’s or a straight line formula to which indeed all 
the curves approximate to over the practical range of the ratio of length of pillar to radius of gyration. 

I am not inclined to agree with the suggested ratio of equivalent length for “fixed” and hinged 
ends indicated by Mr. Dykes in his remarks. 

Actual pillars are never “ free,” that is position fixed only by reason of their riveted or bolted end 
connections, but *5 seems too liberal an allowance for so-called “ fixed” ends, that is both position and 
direction fixed ends. The pillar depends for amount of direction fixing of its ends not only on its end 
attachment but also on the rigidity which the adjacent members of the structure possess. Fidler 
suggested ‘6 for this ratio, but as much as ‘8 has been suggested, and probably two-thirds is not an 
unfair value to choose. 

I repeat my thanks for the valuable and illuminating discussion on my paper. 


angles to radial line joining it to the axis, This force is proportioned to ] where & = angle of 


the use of Euler’s form for large values of ratio 


THE SURVEY OF ELECTRICAL INSTALLATIONS 
AND FITTINGS ON SHIPS. 


By W. T. BADGER. 


READ 5TH MarcH, 1924. 


When we consider that it is only 40 years since the first complete electrical installation was 
fitted eS board a steamship, the “ Crry or Roms,” it is not hard to realise the rapid strides that electricity 
has made. 

The survey of the electrical installation is best commenced at the generators; here the Megger is 
invaluable in finding out the condition of the insulation both of the machine and of the installation 
generally. A look-round the generator is often enough to find defects. The commutator is frequently 
rough and worn into ridges; this usually has to be dealt with in the lathe. In modern machines this 
fault is obviated by staggering the brushes. The binding wire on the armature is sometimes rusty and 
should be renewed if showing any sign of breaking loose. The brush gear is often defective, frequently 
due to bad design on old machines; the brush springs probably require renewal to ensure an even 
pressure on the brushes. Pressure on the brushes should be capable of adjustment without varying the 
direction of pressure from its original setting in a radial direction, All dust and grease should be 
removed from the armature and field coils ; attention should be given to the junction of the commutator 
bars and the armature winding. Copper dust or projecting mica should be removed from between the 
commutator bars. In vessels where A.C. generators are fitted the rotor windings should be examined for 
fracture at the junctions due to centrifugal force. The slip rings, brush holders and springs should be 
examined for wear, 

The bearings of the generators require examination and periodical overhaul. 


SWITCHBOARDS. 


The size and type of switchboard fitments vary with the requirements of the vessel and it is 
necessary to treat switchboards generally rather than those of one pattern. The instruments are often 
reported defective and the most effective manner to deal satisfactorily with them is to recommend their 
despatch to the makers’ works for re-calibration. The switches which are often loose on their securing 
studs can be tightened up at the back of the switchboard; the switch contacts may be pitted as a 
result of long use and require to be filled up; when complete the alignment of the switch should be 
ascertained, 

Where circuit-breakers are fitted either on dynamo mains or outgoing circuits the holding-on springs 
should be tested since trouble has been experienced by the solenoids operating due to vibration or roll of 
the vessel. Circuit-breakers are often found to be wedged in place with wood wedges, due to inaccurate 
adjustment or faulty design ; this applies only to the earlier types. The solenoid plungers are often dry 
with traces of rust. This should be removed and the plungers lubricated and replaced; the solenoids 
will then work smoothly and operate as adjusted. Main and auxiliary switches on the main switchboards 
of vessels built during the War period are rarely of the quick-break type and fuses fitted at the back of 
the main switchboard are not rare. 

Shunt regulators almost without exception require to be examined; these are often cut out, the 
voltage being regulated on the engine stop valve which is actuated by a governor often of the fly-wheel 
type. Earth and pilot lamps are not often used. On many switchboards the pilot lamp is coupled to the 
outgoing side of the main switch and should be changed over so that immediately the dynamo is run up 
the pilot lamp is burning. 
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MAIN DISTRIBUTION. 


Here the shipowner has a fairly wide field to choose from and cargo vessels are usually fitted with 
one of the following types :— 


(a) V.I.R. braided cable in pipe (conduit, iron pipe or steel galvanised pipe). 
(6) Lead covered and armoured cable (with or without braiding over the armour). 
(c) Armoured and braided (with or without braiding over the armour). 


(a) The main cables are carried up from the switchboard in the engine room to a metal junction box 
outside the top of the engine room. From here the pipes carrying the mains run forward and aft 
through the cargo spaces, tee pieces being fitted where cables leave for the fore and main masts. The clips 
securing these pipes (particularly in bunkers) are often missing with the result that the pipes hang loose 
for 10 or 12 feet. The inspection covers are often missing giving free admission to moisture. In all cases 
where cables come up through decks, whether above the water line or not, they should be sealed with 
compound since an open pipe is a hiding-place for vermin, often to the detriment of the cables. In 
some vessels the pipes carrying the cables are run along under the bulwark rail and secured by clips. 
Where the pipes leave the bulkheads at the engine room, forward and aft, they are often corroded 
from constant exposure to the weather, 


(0) & (¢). Lead-covered and armoured or braided and armoured cables follow a similar run through 
the vessel to those above but are drawn through holes drilled in the beams, then clipped to the underside of 
deck with galvanised steel clips having a centre screw of an average of 2 inches in diameter, or by steel or 
brass clips having a screw at both ends. 

The faults or defects in the main cables may be apparent from aclose inspection, If the cables have 
been subjected to moisture or steam blowing on them it is found that the armouring can be removed easily 
in places but the lead is intact. If the lead is damaged in any way the megger should be applied to the 
circuits at the switchboard after drawing all fuses in the circuits to ensure that only the main is under test. 

On large passenger vessels there are usually a number of auxiliary switchboards, the mains first being 
tested from the main board to the auxiliary board and again from the auxiliary board to the final 
distribution panels or boxes. 

The method of carrying main cables and the system of wiring differ with the various Companies. 

One method is to take all mains up through the engine room to the underside of the main deck and 
then feed forward and aft. The cables are drawn tight and held in place by porcelain clips secured to 
long studs screwed into the deck. The various circuits for power, lighting, emergency lighting and 
communication are kept separate and the different colours on the insulation renderthem easily distinguishable 
in the event ofa breakdown, After these cables are fixed the wood panels are placed in position and are 
easily detachable. When cables are taken away for power or lighting circuits they are run through steel 
piping so fitted that it may be detached and the wires renewed with the minimum of trouble and expense. 
This system has the advantage that the wires are protected from any interference by the passengers. The 
cables usually used on passenger vessels are insulated with braiding and vulcanised india-rubber. 

On oil tankers the main cables are all either lead covered or lead covered and armoured, or lead covered, 
armoured and braided. 

These cables are usually carried in galvanised steel pipes or in a steel channel bar fitted with a lid, the 
channel being filled in with bitumastic compound to seal and exclude moisture and keep the cables intact. 
Another method is to take the lead-covered mains from the switchboard to the top of the engine room and 
there fit a junction box with two glands on one side and one on the other. The main running from the 
engine room to the midship accommodation is a heavy twin lead-covered and armoured cable and enters 
a junction box forward, similar to the one in the engine room. This twin cable is suspended in lead-lined 
hangers under the fore and aft gangway. From the junction box the mains are carried to an auxiliary 
switchboard fitted with a voltmeter and D.P. switches and fuses on mains and on all outgoing circuits, 
This board usually feeds wireless, navigation, midships and forward lighting. The feeds supplying 
masthead lights and forward are carried in steel piping and are not long leads. 

In a number of modern Tankers the auxiliary machinery is 220 volt three phase alternating current 
motors, the cable used being paper-insulated lead-covered and armoured. ane insulation is to be 
preferred because of its high resistance even after long periods at a high temperature. Manufacturers 
state they will not guarantee rubber cable to sustain a temperature of 130°. Some difficulty was experienced 
in getting a suitable compound which would withstand the heat of the Persian Gulf but this has now been 
overcome. The three cores should be carried through the compound without breakage for fitment of 
rubber tails as is sometimes done and should be soldered solid for about four inches to prevent 
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creeping of the insulating oil. The cables should be taped with resinous linen tape before the sealing 
chamber is fitted up and sealed. The use of rubber on the sealing glands at the top of the chambers is 
not good practice. 

Motors, controllers and auto starters should be opened up for examination at survey dates. 

Wiring in engine room and stokeholds is usually lead covered and armoured cable or V.I.R. 
braided cable in pipe. The lead covered and armoured cable is usually clipped to steel perforated plating 
secured to the platforms around the engines. In many vessels lead-covered cable is run in piping and 
adaptors are fitted at tee pieces in the pipes. 

Considerable trouble has been given on a number of vessels where lead covered cables are run in 
pipes in engine room and stokeholds. ‘The vibration, often of a high frequency, crystallises the lead, 
causing fractures. In places where the cables are vertical the breakages occur every 4 inch, and where 
horizontal about every inch. 

Special attention should be paid to American and Canadian built vessels—the cables are invariably 
in conduit. The looping-in is, however, not done at the fittings but at the junction boxes, the copper 
wires being twisted together and insulated only by adhesive tape. 

Navigation lights, port and starboard plugs and sockets aswell as the feeds, require examination— 
there are often traces of water in the sockets and in my opinion the ideal position on cargo vessels for 
these sockets is on the fore part of the bridge on the after side. 

Masthead lights are fed from the navigation light indicator to junction boxes at the foot of the 
mast ; from these the feeds are carried up either in pipes or clipped to the mast to a watertight socket. 
Lead-covered cable is compulsory on oil tankers and should be clipped to the mast in preference to being 
run in pipe owing to the weight and vibration. 

The stern light though not a navigation light according to Board of Trade requirements is usually 
fed from the bridge to enable it to he under control of the officer on watch. This light is wired in the 
same way as the port and starboard side lights. 

On passenger vessels where an emergency dynamo is fitted for supplying wireless, steering gear 
(where the steering gear is electrical), emergency bilge pumps and emergency lighting considerable 
improvement could be made in the arrangement at present employed. As most of the emergency 
engines are driven by petrol or paraffin the room gets very hot after the engine has been running a 
while and as the switchboard is always alive, it is suggested that the room containing the switchboard 
should be adjoining but separated from the dynamo room by a watertight bulkhead by which the fire risk 
would be considerably reduced. 

FUSES. 


Distribution and section boxes and switchboards are particularly interesting owing to the extensive 
variety of fuses used and the methods taken to replace the fuse by means other than those intended by 
the makers. 

On old vessels the distribution panels have slate bases with small clips for carrying the fuses, 
placed so close together that it is impossible to put in or withdraw a fuse without touching live metal. 
In most cases it is impossible now to get suitable fuses and the only remedy is a new box and modern 
fuses. Another favourite pattern box is one also with a slate base on which are secured two brass strips 
(one per pole) fitted with a number of brass studs and nuts. The fuse consists of a piece of copper or 
tin wire put under a nut on the bar, the other end of the wire being carried to another stud which at 
the back of the board is coupled to the outgoing main or subcirenit. 

The “ Zed” type fuse may appear in order but on examination it may be found that it has blown and 
been renewed by placing a piece of copper or iron wire through the centre. Wire nails are often used. 
Frequently the sectional area of the fuse wire is much greater than that of the wire supplying the 
circuit. 

Cartridge pattern fuses are very much abused; the fuse when blown is allowed to remain in the 
clips and heavy copper wire is wound round both ends. The cartridge type is mostly used on vessels 
fitted abroad and their distribution panels are always worth inspection. 

Most types of fuse for small currents are fairly satisfactory but fuses used for currents above about 
25 amps. might be improved. 

In the design of modern electric fuses there are a number of fundamental requirements which 
have to be embodied and which can be summarised as follows :— 

(a.) The fuse wire should be contained in an incombustible handle designed to protect the 
operator’s hand from burns or shock. 
(b.) The handle should be so arranged that the fuse wire is adequately ventilated, 
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This is a very spartans point as a piece of copper fuse wire in order to fuse at 100 per cent. 
overload has to be raised to a high temperature. The melting point of copper is approximately 2,000° F., 
and if the wire is not properly ventilated the heat which is cumulative may raise the temperature of the 


porcelain handle to such an extent that it could not be withdrawn from the circuit without burning the - 


hand. Further, as the heat is directly carried to the end terminal clips oxidation is set up at the 
contacting surfaces. These surfaces, being copper or phosphor bronze sheet metal, become hot and the 
springy nature of the metal is destroyed. This leads to the further result that there is no pressure 
between the contacting surfaces and it has been found that the pressure maintained between the surfaces 
is of as much importance as the area of contact in securing absence of heating. Immediately the 
pressure is removed pitting and arcing takes place and the unit is destroyed. 

In order to overcome these difficulties there has recently been placed on the market a fuse unit 
which has wholly overcome these troubles. The unit to which I refer is the Artic Pressure Contact 
Self-Aligning Fuse (see Figs. 1 & 2), in which perfect surface contact is made by having self-aligning 
clips which are free to move in all directions, thus ensuring the whole area of the contacting faces being 
used and secondly a definite known pressure, which cannot be destroyed, is maintained between the 
surfaces by means of heavy steel springs which are under compression when the fuse carrier is wedged in 
between the contact surfaces of the fixed terminal clips. These end terminals or clips consist of solid 
castings which unlike the sheet copper clip used on other types of fuses cannot be bent or destroyed by 
inserting or withdrawing a fuse. 

The fuse wires are contained in an asbestos tube open at both ends which allows free circulation of 
air through the tube and prevents the accumulation of heat from the fuse wire. 

It is not generally known that considerable loss is sustained and heat generated in a fuse wire. 
Take, for example, the watts lost in two pieces of tinned copper fuse wire No. 18 8.W.G., which would be 
used to carry 90 amps. continuously and blow at 100 per cent. overload. The amount lost at normal 
carrying capacity is 45 watts, and with a 10 per cent. increase of load the amount lost is practically 
doubled. Since this loss is continuous and the heat cumulative (if the fuse is not properly ventilated) it is 
evident that it is important both from the point of view of economy and safety of the whole unit that 
the heat should be reduced to a minimum. 

As already pointed out the destruction of the contacting surfaces and the watts lost across them are 
eliminated by means of a self-aligning surface contact over the whole contacting area and the pressure 
being definite between those surfaces. From the graph enclosed it will be seen that the watts lust are 
(see Fig. 3) approximately 25 per cent. only of the heat generated in the No. 18 S.W.G. copper fuze 
wire referred to above. The elements consist of copper gauze having a number of strands at the centre 
in combination with tin wires (see Figs. 4, 5 & 6), lene the heating effect is confined to a very short 
length at the centre of the element and by arranging the relative number of tin to copper wires a definite 
time lag can be readily arranged. To prevent too large a mass of metal being volatilised when the fuse 
blows at an overload the tin is arranged to melt first at 450° F., thus throwing the load on to the 
remaining copper strands which fuse and clear the circuit, so that the heat required to melt the copper is 
maintained for a few seconds only, thus reducing the total heat generated, during the time the overload 
has been building up or had been maintained, to a minimum. These fuses are made for open or enclosed 
type units. In the Jatter the fuse element is contained in an asbestos tube filled in with an are damping 
powder, special provision being made for the absorption of the tin as it becomes molten thus preventing 


' the possibility of the fuse hanging or lagging due to the molten tin forming a bridge across the reduced 


strands at the centre of the gauze. 


SYSTEMS OF ELECTRICAL INSTALLATIONS. 


Here a comparison of 110 and 220 volts installation would be useful. 
Taking generators, the 220 volts machine would have the following advantages :— 
(a) The commutator would be practically only half the size and therefore cheaper. 
(0) There would only be about half the number of brushes, the attention required would be 
less and the cost of replacements reduced. 
(c) For ship use the shorter machine is always more desirable in requiring less floor space. 
(d) The efficiency of the 220 volts machine will be 2 per cent. higher than the 110 volts 
machine. 
(e) The 220 volts machine would be lighter than the 110 volt installation. 
(f) The terminals of 110 volt machines would be very massive where the output of the 
generator is high, 
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SWITCHBOARDS. 


Switchboards for 220 volts have lighter switches than those for 110 volts, with the result that they 
are easier to operate. ‘The switches being smaller and the distance between them greater, the tendency of 
surface leakage is reduced. 


If 220 volts distribution is used, the circuit breakers will be required to deal with smaller currents 
and consequently the arc formed when the breaker opens is much less destructive and less likely to fire. 


The ditference in cost would favour the 220 board. 


In arranging for 3-wire distribution, the main difference will be that there will be three bus bars 
instead of two and the instruments will be connected up in a slightly different manner. 


DISTRIBUTION CABLES. 


Here the 220 volts equipment has several marked advantages over the 110 volts equipment. These 
can be summarised as below :— 
(a) Reduction of losses in cables. 
(b) Better regulation of voltage. 
(c) Less danger from heating in joint connections. 
(d) Reduction in cost of cables. 


(a) REDUCTION OF LOSSES 1N CaBies.—-If the cables are worked at the same current density in 
each case, the losses incurred in the 220 volts distribution are just half as great as those in the 110 volts 
distribution. The voltage drop in cables run at 1,000 amps. per square inch is ‘0075 per foot run. 
From a plan of a large liner having 22 feeders of 375 feet (average length) the drop will be 


: 5°62 : 
2 x 375 X0075=5'62 volts, which represents a = 5'1 per cent. of the total energy generated and if 
this can be taken at 1,500 K.W. the total loss is 76°5 K.W. The halving of this loss is well worthy of 
serious consideration as it increases the efficiency of the installation as a whole. 

(b) BETTER REGULATION OF VorTacE—The drop in voltage referred to above has another 
important aspect, namely, the different voltages at various points on the ship. This difference of voltage 
will slightly affect the speeds of motors but will more seriously affect the burning of lamps. 

If the voltage at the ends or last point of the longest feeder is correct for the lamp used then the 
voltage at the end of the shorter feeds will be too high and vice versa. 


If the voltage across a lamp is too high it burns with increased brilliancy but the duration of its life 
is reduced. On the other hand, there is a rapid falling off in the light as the voltage across a lamp falls 
below that at which it was made to burn. In this connection the following figures will be of interest :— 


RELATIVE RELATIVE 
VOLTAGE. RELATIVE LIFE.| VOLTAGE. CANDLE PowER.| VOLTAGE. CANDLE POWER. 
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TOL. evseee 78 TO eee weawar 124 OGD) Gina tis. 79 
1) ER 68 LOS: sexvees 118 95.5 “wakees 74 
103 APTS 56 102 -vasess 112 Dds Gostane 67°5 
104 waeess 44 TO Tee = yevccer 110 DE tees 65 
TOB .ceowse 87°5 | 100%) eters 100 92 aoe 61 
106). eavane 82°5 99" awasns 94°5 QU) mv isasnse 57 
QS. swnsee 89 909 Reins 538 


It is evident that the more unform the voltage can be kept all over the ship the better will be the 
lighting effect and the higher the economy of the system. On 220 volt lamp circuits the total voltage 
drop will be same as on 110 volt circuits but the percentage will be half. On 220 yolt 8-wire lighting 
with 110 volt lamps the voltage drop on one side of the feeder only has to be taken into account unless 
the load is all one side of the middle wire when the drop in it has to be taken into account when as before 
the percentage voltage drop is halved. 
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(c) Less DANGER FROM HEATING IN JOINTS CONNECTIONS.—There are two factors to be considered 
in dealing with the question of danger to the ship voltage and current, the lower these can be kept the 
less the chance of trouble ; while it is true that the higher the voltage the greater the surface leakage, 
the difference between 220 and 110 volts is insignificant when the wiring is properly done. The fact 
that smaller contacts, terminals, &c., are required for 220 volts permits greater clearances ; again, the 
heating due to bad contacts is much less with 220 than with 110 volts owing to the smaller current. In 
large power stations it is found that faults on low voltage circuits are often more disastrous than on 
high voltage circuits due to the greater volume of current in the are. 


(d) Repuction 1n Cost oF CaBLEs.—Cost of cables, 110 volt distribution. Taking the case of a 
liner, the approximate total length of 22 feeders was calculated and it was found that about 16,500 feet 
of 91/118 cable was necessary. Using rubber-insulated, lead-sheathed, armoured and braided cable, the 
cost would be about £7,500. Cost of cables, 220 volt distribution. Twelve fecders in each side of 
the ship, each half the current capacity of the 110 volt feeders, Using 16,500 feet of 61/-104 cable as 
above, the cost would be about £4,440. Midwire of 1,110 feet of 91/101 cable as above would cost 
about £410. It is not reasonable to expect that the number of 220 volt feeders will be as high as 12 
or as low as 6, but possibly some intermediate figure best suited to the arrangement of distribution boards 
and the cost wil] therefore be of some value higher than £4,850, but lower than £7,500. 

Disadvantages of the 220 volt distribution, These are two in number :— 


(a) Leakage and fire risk. 
(6) Danger of shock to passengers and crew. 


(a) Owing to the very high grade of cable insulation and protection used there should be very 
little or no leakage through the insulation and thus the main leaks may reasonably be expected to take 
place in the form of surface leakage on the main switchboards and distribution boards. Both these points 
have been previously dealt with. 

(6) It is true that a 220 volt shock is more severe than 110 volt shock but the real danger is not 
serious in either case. 

Passengers might get shocks in two ways (1) by making contact with two wires (2) by making 
contact with one wire and earth. However, accidental contact with two wires is hardly possible under 
ordinary conditions. Contact with one wire, if the system is in a reasonable state of insulation will not 
result in shock, a shock from one wire being possible only if a wire of different potential is earthed 
somewhere. With 3-wire distribution contact with one wire and earth may result in either the 110 
volt or a 220 volt shock. This danger is, however, negligible. 


MOTORS AND CONTROL GEAR. 


The only advantage here is that the size of cable from the distribution board to the motor can 
be approximately half the sectional area for a 220 volt motor that would be required for a 110 volt motor. 


NAVIGATION LIGHT INDICATORS. 


There are a number of types fitted on vessels and so far the only defect found has been the burning 
out of the solenoid coils due to fitting 16 cp. lamps in place of 82 ep, for the navigation lights. A naviga- 
tion light indicator (made by a well-known firm) is worth a detailed description. In this indicator a 
standby source of supply is automatically and instantaneously switched in on the failure of —for example— 
the foremast head light or any of the other navigation signal lights. To accomplish this an auxiliary low 
voltage lamp is fitted in each of the five signal lanterns in addition to the main lamp and connected up 
through the indicator in the wheel-house to a separate source of supply, such as tle smal! secondary battery 
used for emergency purposes and wireless. The indicator itself consists of a teak case, having two rows of 
indicating lamps, one row corresponding to the main signal lamps and the other row to the auxiliary lamps, 
the latter being arranged to run at voltage similar to that of auxiliary source of supply. In the event of 
any of the main lamps failing from any cause whatever a relay operates in the indicator, instantaneously 
switching in the corresponding auxiliary lamp. At the same time the main indicating lamp in the 
indicator is extinguished and the auxiliary indicating lamps light up, thus warning the officer of the watch 
of the fact that the particular light concerned has failed and that the auxiliary Jamp is in operation. In the 
event of main source of supply failing from any cause the whole of the auxiliary lamps would immedi- 
ately come into operation and with the vessel sailing in narrow waters or being in close proximity to 


~ 
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another vessel this action might prevent serious damage by collision under these circumstances. Each 
navigation light circuit is switched on and off at the indicator itself, the two switches for the main 
light and the auxiliary light respectively being linked together so that in switching on both the main 
and auxiliary circuits are closed at the switch, and if the relay operates on any paiticular circuit, the 
auxiliary supply is automatically connected. 


STEERING GEAR. 


Where electrical steering is employed duplication of supply is necessary. It can be arranged by 
running two separate feeds from the main switchboard through a change-over-switch to the steering 
motor, so that in the event of a circuit breaker opening or the fuses blowing the power can immediately 
be changed over to another machine. Another method would be to have a change-over-switch fitted 
on the switchboard, one side coupled direct to the bus bars so that in the event of failure of the 
fuses or circuit breaker the steering motor could be put on direct to the bus bars. This side of the 
change-over-switch should be marked “ For emergency use only ”—see Fig. 7. On most passenger vessels 
when they are in shallow or narrow waters the emergency dynamo is kept running to ensure the supply 
of current for the steering motor. 


MOTORS. 


Motors for use in engine rooms are usually totally enclosed and if ventilated, the ventilating 
trunks are so arranged that they can be closed if necessary. The bearings of motors until recently were 
plain bearings with ring lubrication but to-day most motors are fitted with ball bearings in either single 
or double rows. It has been found that the ball bearing does not overheat to anything like the extent of 
the plain bearing and requires less attention. Where A.C. are fitted the bearings are almost without 
exception of ball or roller type. 

Motors for use on deck should be totally enclosed because of the salt atmosphere. Any exposure is 
most detrimental to the commutator, brushes and insulation. If semi-enclosed motors are fitted great 
care should be taken to ensure the casings are watertight. 

The control gear is often of the drum type controller and the frame work being usually cast iron 
should be examined for corrosion. The drum, being built up of spider castings with contact segments of 
hard drawn high conductivity copper, should be examined for wear. 

The pressure of the contact fingers, where those of hinged pattern are used, should be examined. The 
pressure is usually maintained by a spiral spring on each contact. 

The are shields should be examined to see that they are not damaged. The resistance which often 
consists of grids assembled on mica-insulated steel bars should be opened for examination. 


FITTINGS FOR USE IN HOLDS AND ON DECK. 


For deck use these should be of gunmetal with strong guards protecting the glass from breakage. 
Care should be exercised to ensure that when the fittings are closed they are watertight. Where hold 
lights are fitted they are usually supplied with a stout cast iron cover in addition to the above. Cargo 
clusters should be of strong and robust construction. The sheet steel reflector should be enamelled white 
on the inside and fitted with a heavy galvanised iron mesh guard secured by clips. 


FITTINGS FOR PUMP ROOMS ON OIL TANKERS. 


Great care is necessary with most pump room lights to ensure that they are absolutely gas tight. 
Special fittings can be obtained whereby the lamp can only be removed from outside the pump room. 
Unfortunately these can only be fitted at the top of the pump room and often the light below is 
inadequate. 


INSTRUMENTS. 


The insulation resistance of all wiring installations should be tested with sensitive instruments 
before placing the net-work into service and thereafter at convenient but definite intervals. 

It is highly desirable to test wiring insulation at, or above, the working voltage to which it is ultimately 
subjected. Various portable testing sets have been designed for this, in which a magneto hand-driven 
generator provides the testing pressure and an ohmmeter indicates the insulation resistance of the installation 
exposed to this voltage. The best-known instruments are Messrs Eversheds and Vignoles “ Megger,” and 
Nalder and Thompson ‘* Ohmer.” : 
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TESTING SET. 


The bridge megger is an improved form of testing apparatus in which the generator and the 
ohmmeter are both contained in one box. In making an insulation test the ohmmeter reading 
generally falls as the applied voltage increases owing to moisture in the insulation under test. The testing 
current may dry the latter and gradually restore the reading or increased voltage may break down the 
insulation. When testing any installation where a surface leakage is possible the ohmmeter pointer will 
frequently show sudden variations in the insulation resistance. This is due to intermittent sparking 
between metallic or other conducting particles which may be buried in the mass of insulating material. 
The testing instrument affords a valuable guide to the defects in the installation. 


There are two terminals on the outside of the megger marked—“line” and “earth.” To test a 
circuit it is necessary to couple the line wire or a short piece of wire coupled to it to the terminal marked 
line. A good earth should be found on the hull conveniently close at hand and a wire coupled to it and 
the terminal marked earth. The handle of the megger should be turned and the insulation read direct 
on the scale (which is marked from infinity to zero having the middle marked 1 megolim). 


The details below can be used as a guide when the megger is used. (See Fig. 8). 
Dynamo.—The dynamo is generally tested from the ends of the main cables, thereby getting the whole 


machine under test. A reasonable reading would be 8,000,000 ohms and if the reading was 300,000 ohms 
or slightly lower, it would indicate the machine required drying out. 


C1rculTs.—Navigation circuits are usually low and the reading that might be expected would be 
around 200,000 ohms. 


LicHTInG Circuits of engine room, stokehold and tunnel should be from 2 megohms to 
800,000 ohms. 
General lighting circuits usually come out about 1 megohm to 500,000 ohms. 


CONCLUSION. 


It is evident that there are many points for discussion that are not raised in this paper, yet at the 
same time the foregoing pages may be found informative and nseful in opening up other topics. 

I wish to tender my best thanks to Messrs. Sunderland Forge and Engineering Co., Ltd., and Mr. 
Ross of the Artic Fuse and Electrical Manufacturing Co., Ltd., for the useful data and information with 
which they have been good enough to supply me. 
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DISCUSSION ON Mr. W. T. BADGER’S PAPER 


ON 


“THE SURVEY OF ELECTRICAL INSTALLATIONS 
AND FITTINGS ON SHIPS.” 


Mr. L. C. Davis. 


The subject of this paper is a wide one, it has been dealt with in an interesting way, and my only 
point in criticism is regret as to its brevity. 


The Author states on page 2, in reference to pipes carrying cables, that ‘The inspection covers are 
often missing giving free admission to moisture.” A glance at these covers by anyone possessing 
mechanical instinct is sufficient to show why they are often missing ; they are of the flimiest character, 
and are inadequately attached by two or three small screws, which are incapable of compressing the 
jointing material provided. 


The absence of these attachments, however, is not a serious matter, as they provide a ‘free admission 
to moisture” when they are in situ. 


Under the heading of “fuses,” page 3, the author states that “Cartridge pattern fuses are very 
much abused,” this particular type in its combination of design and workmanship is rendered liable to 
abuse in more respects than one. If the supply of spare cartridges gives out there is no legitimate means 
of maintaining the lights, and the trouble is frequently overcome by driving a nail through the cartridge. 
Moreover, the fittings are fragile, the metal parts being of 30 gauge brass (the thickness of three sheets 
of this paper), and the porcelain is so riddled with holes and cavities that it is rare to find a distribution 
box of this type in which there are no breakages. 

Fuse fittings, even for small currents, should be of robust construction ; many good types are fitted, 
but others are fragile and unsuitable for use aboard ship. The appended sketch shows a good and sub- 
stantial type of fuse for distribution boxes on lighting circuits. Ordinary fuse wire is used, it is totally 
enclosed, and affords complete protection for the hand. 

T am in agreement with the Author in regard to the inadequacy of the light supplied by lamps 
fitted in glass wells fitted through top of the pump room casings of oil tankers. This arrangement 
accentuates the danger which it is designed to prevent as, if any emergency repairs have to be effected 
below, light must be provided by portable fittings with the attendant risk of lamp breakage and sparking 
from damaged flexible cable. 
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It is suggested that it might be possible to provide a better light in the wings of a pump room by 
projecting light through lenses in the casing side or top, the rays to be directed to and diffused by convex 
reflectors permanently fixed in the remote parts of the pump room. 


In all cases where external lighting is used, substantial lamp fittings should be fixed to throw a 
good light upon such parts as may require overhaul whilst discharging cargo, these fittings to be isolated 
by double pole switches, kept locked except in emergency, in order to eliminate the use of the dangerous 
portable fitting. 


The worst form of cable for portable lights is that having metallic armour, and the best is Cab Tyre 
Cable. With this type, there is no chance of an earth along the cable due to a fault at the lampholder, 
nor is there any risk of shock due to the insulation becoming saturated. 


REPLY BY THE AUTHOR. 


I agree with Mr. Davis’ remarks regarding inspection covers. The fuse illustrated on accompanying 
sketch is very good, and is in demand for distribution boxes. The fuse wire being enclosed, and the 
point of break protected, reduces the risk of danger considerably. Although the light in pump room is 
often inadequate from a lamp fitted through the top of the pump room, the Rules do not preclude the 
fitting of lamps lower down in the room if the Owners require it. Mr. Davis’ suggestion regarding 
locking of deck lights on tankers is practised. 
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THE REGISTER TONNAGE OF SHIPS. 


SECTION I.—INTRODUCTORY. 


The purpose of this paper is to present a brief investigation into the general question of tonnage, 
tracing its development and showing its relation to ship design, construction, and operation. The section 
dealing with tonnage measurement may also be of assistance to surveyors in other countries, who are 
requested occasionally, through the British Consul, to measure ships for register tonnage on behalf of 
the Board of Trade. 

“Tonnage” is one of the most important subjects associated with the shipping industry, and its 
influence has a very practical effect on commercial interests of all countries. From the first recorded 
attempt made to formulate regulations for the admeasurement of ships until the present time, tonnage 
has exercised a controlling influence on design, and has been responsible, to a large extent, in producing 
the many types of ships with which we are all familiar. 

“Tonnage” is a term which has several meanings. When associated with the present regulations 
which govern the measurement of ships, it is not a tonnage of burthen or weight, but a tonnage of 
* roomage ” or capacity ; the standard being a capacity measurement of 100 cubic feet, equal to one ton. 
Tt may be unfortunate that the word “ton” became associated with the principle of capacity measure- 
ment, but, as explained in the historical section of the paper, it is a term which has been handed down 
from the early days when the tonnage regulations were framed for the purpose of obtaining the weight 
of the cargo carried. The use of the word tonnage is applied in a number of ways to represent the size 
of vessels on the basis of both weight and capacity. It is proposed, therefore, briefly to refer to these 
different meanings of tonnage, which are classified in the following order :— 


Capacity TonnaGE.—(a) Under-deck tonnage is the total internal capacity of a ship measured in tons 
from the top of the floors or ceiling to the tonnage deck, including the forward and after peak tanks or 
other water ballast spaces above the floors. Deductions or exemptions from measurement are not made in 
the under-deck tonnage. 

(b) Gross tonnage is the measure of the under-deck tonnage together with tween decks and all 
enclosed spaces above, due allowance being made for certain portions which are permitted to be exempted 
from measurement, and to which special reference is made later in the paper. 

(c) Net register tonnage represents the gross tonnage of a ship after certain approved deductions 
are made, which, broadly speaking, are spaces which cannot be utilized for the carriage of cargo or 
passengers, #.e., non-freight earning spaces. 


FREIGHT TonnaGE.—Freight tonnage represents the total cubic capacity of the vessel available for 
the carriage of cargo. When expressed as a weight, 40 cubic feet is usually taken to represent one ton, 
which is two-fifths of the register ton. 

DISPLACEMENT TONNAGE.—The unit of measurement is one ton or 2,240 pounds avoirdupois. A 
ship’s “light” displacement is generally understood to be the weight of the hull, outfit, and machinery 
with boilers filled to working level. The “load” displacement includes the addition of all stores, fresh 
water, feed water, bunkers, cargo and passengers; which is the total weight of the ship when loaded 
down to the centre of the freeboard dise. 


DEADWEIGHT TonNAaGE.—Deadweight tonnage is a measure of the ship’s capacity to carry cargo, 
fuel and passengers, expressed in tons, avoirdupois. It is the difference between the weight of the vessel 
in the “ light” and “loaded” conditions. 

Net register tonnage forms the basis for the assessment of harbour and light dues. It also has most 
important mercantile uses in connexion with the purchase, sale and hire of ships. Ships are usually 
chartered on their deadweight tonnage, and occasionally on their gross tonnage which is more frequently 
used than any other tonnage for statistical purposes, and is the basis for dry dock charges. Deadweight 
tonnage is generally used for shipbuilding costs, and displacement tonnage is the basis upon which the 
Panama Canal Authorities levy the dues on warships. } 

Before dealing with the practical methods of measuring ships for register tonnage, or analysing the 
various laws existing in different countries, an historical summary is inserted in the paper, giving a 
connected record of the growth and progress of legislation. 


SECTION II.—HISTORICAL. 
(a) GROWTH OF LEGISLATION, 


It is very difficult to ascertain with any degree of accuracy when and how vessels were first 
measured for the purpose of obtaining some standard which indicated their relative size or cargo- 
carrying capacity, but the evidence obtained from Italian records make it certain that some system for 
levying dues on shipping was in operation among the Greeks and Romans when they were in command 
of the Mediterranean Seas, and the capacity for stowing cargo was not based on dimensions, but rather on 
the actual quantity of cargo carried, which the Greeks calculated in talents, or ¢alenfi, and the Romans in 
aufore, each representing the weight of a cubic foot of water equal to about one-fortieth of a ton. 


From old Chinese records it has been ascertained that long before the Christian era ships in China 
were measured by some system of tonnage based on the liao. Marco Polo tells us that, in the flourishing 
days of the Merchant Marine in India, the old wooden ships were measured for capacity by the aid of 
bags of pepper. 

The dast was the unit for carrying capacity of vessels in Sweden in the period round about the year 
1254, and this also appeared to be the standard used in Holland at that time. 


Under the Ordonnance de la Marine of 1681, French Merchant Ships were measured by an 
approximate rule, and 42 cubic feet were considered as being equal to one ton of deadweight, four wine 
casks being equal in capacity to 42 cubic feet. 

The earliest records we have in Great Britain of any reference to tonnage is in the year 1422, during 
the reign of King Henry V., when a Government enactment provided that * Keels that carry coals at 
Newcastle shall -be measured and marked,’ no reference being made to the system by which these 
particular types of vessel were measured or marked, 


The term “tonnage” appears to have originated when the amount of dues charged were based on 
the number of casks of wine, or funs, a vessel was capable of carrying. The “tun” was at that period a 
definite legal standard of measurement, so that a tun of wine was to measure not less than 252 gallons. 
“Internal capacity ” and not “ weight” appears to have been the first system of tonnage measurement. 


Some 200 years elapse before any further information is recorded ; but in the year 1660, the twelfth 
year of the reign of Charles II., an Act was passed compelling French ships to pay five shillings for every 
ton of which the ship is of burden, and in the following year another Act was passed to remedy certain 
abuses of the tonnage law. The following is an extract :— 


“That Commissioners should from time to time be appointed by His Majesty, his heirs and 
successors, for the admeasuring and marking all and every the keels and other boats” and “to be 
used for the carriage of coals in the port of Newcastle, and all other places within the counties of 
Northumberland and Durham.” 


In the year 1694 a method of admeasurement was definitely prescribed for keels carrying coals in 
the Tyne and Wear, and the cauldron or “heap-measure” was altered for a system of deadweight 
measurement. The wording of the provision in the Act read as follows :— 


“The said admeasurement shall be by a deadweight of lead or iron, or otherwise, as shall 
seem meet to the said Commissioners, allowing three and fifty hundredweight to every chaldron of 
coals . . . and cause the said keels and boats so admeasured to be marked and nailed on each 
side of the stem and stern and midships thereof . . . and provided that no such keel or boat 
shall be admeasured, marked or nailed to carry more than ten such chaldrons at any one time.” 

Actual weights were placed on board to the limit of 264 tons, as before described, and the load line 
was marked by nails in the stem, sternpost and midship planking, These vessels were, therefore, not 
a\lowed to load to a deeper draught. 

This enactment was eventually extended to all other parts of Great Britain in the year 1775, but 
the standard of deadweight became twenty hundredweight avoirdupois to the ton. 


It might be mentioned here that shipbuilders and shipowners estimated the deadweight of cargo 
which their vessels could carry and expressed the tonnage in terms of the principal dimensions of the ship. 


- 
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These estimates were not supported by legislation, but in 1694 an Act of Parliament was passed and made 
applicable to all seagoing and coasting vessels, viz :— 
Tonnage = Lx Bx D 
94 

L being Length of keel (so much as she treads on the ground). 

B_,, Breadth amidships (inboard from plank to plank). 

D_,, Depth of hold (from plank below keelson to under part of plank of upper deck up to which 

cargo is stowed). 

This enactment was shortlived and was repealed two years after its introduction. 

The history of tonnage laws shows frequent periodical changes to deal with evasions, anomalies and 
alterations in design of ships. Up to the date now under review vessels remained comparatively small, 
but as the overseas trade extended the dimensions of vessels increased, although the bulk of the coasting 
trade was carried in the smaller craft. In order to prevent smuggling of wine and spirits into this country 
another Act of Parliament was passed in 1720, during the reign of King George I., which prohibited the 
importation of wine into this country in vessels of 80 tons burthen and under. Consequently, a new 
measurement formula was enforced in order to carry out this requirement. Previous to this Act of 1720, 
the measurement of tonnage applied only to vessels carrying coal. ‘The new formula adopted was that 
previously referred to, except in one particular, one half the breadth being substituted for depth of 
hold, viz :— : 

Tonnage = L x B x 3B 
94 

The bulk of the vessels belonging to the mercantile service continued to be unaffected by the tonnage 
regulations until serious consideration had to be given to various disputes which were constantly arising 
with shipowners and others in regard to vessels trading to and from this country, consequently, the 
Government of this country in the year 1773, being the thirteenth year of the reign of King George III., 
then took up the question of tonnage with greater vigour, revised the regulations and made them applicable 
to all classes of merchant ships. This method of estimating tonnage is known as “ Builder’s Old 
Measurement ” (B.O.M.), which is briefly summarised as follows :— 

(L - 3/5 B) x B x 4B 
94 


Length being taken on a straight line along the rabbet of the keel of the ship, from the back of the 
main sternpost to a perpendicular line from the forepart of the main stem under the bowsprit, from which 
is subtracted three-fifths of the breadth, the remainder being the tonnage length (L- 3/5 B). 

Breadth was measured from the outside of the outside plank in the broadest place in the ship, whether 
above or below the main wales, exclusive of any doubling planks. 

It will be noticed that depth was disregarded for the purpose of measurement. 

An additional Act was passed in 1796 to permit the use of this formula for measuring vessels for 
tonnage when afloat. The length was then measured at the load waterline from the back of the sternpost 
to the front of the main stem, subtracting therefrom three inches for every foot of the load draught of 
water for the rake abaft and three-fifths of the ship’s breadth for the rake forward, the remainder 
being the tonnage length. For example, a vessel of the following particulars :— 


Length on load waterline = 180 feet; tonnage breadth = 80 feet, and load draught = 15 feet, 

the tonnage length would be :— 

5 8,80 
180 - | at+(s x=) = 180 - (3°75 + 18) = 180 - 21°75 = 158°25 feet. 

The continued use of 94 for the divisor was maintained for the purpose, apparently, of letting the 
estimated tonnage remain as a criterion of the carrying power of the vessel, expressed in tons of deadweight. 
Tt was not long after the introduction of this Act that liberties were taken by the designers of 
ships to increase the depth without altering the breadth, so as to evade the regulations and produce vessels 
with small tonnage, but having comparatively great carrying power. The tonnage formula, therefore, 

became useless for the purpose intended. 


Tonnage = 
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In the year 1819 the Act of 1773 was extended to meet the introduction of steam navigation and 
the length of the engine room was allowed as a deduction from the tonnage length. 

In spite of all the accumulated evidence as to the devastating effect of the current tonnage laws, no 
alteration was suggested owing, probably, to the long-continued war with France, until the Government 
eventually requested the Admiralty to appoint a Commission of Inquiry in 1821. 

It is of interest to note this Committee confirmed that the fairest method of obtaining the tonnage of 
a vessel must be based on the principle of deadweight. They were desirous of introducing a method of 
admeasuring that portion of the ship which is included between the light and load waterlines, but it was 
considered this would be associated with insuperable objections, on account of the impossibility of 
ascertaining the position of these lines in a satisfactory manner. ‘The Committee, therefore, suggested an 
approximate rule based on certain internal measurement, but the proposal was never adopted by the 
Government. 

A second Commission was appointed in 1833, and after their investigations it was announced that 
internal capacity was considered to be the fairest standard of measurement, including all those parts of a 
vessel which, being under cover of permanent decks, are available for stowage. The paucity of dimensions 
used was responsible for the ultimate failure of the proposed method of measurement (referred to as the 
“New Measurement”), and a third Commission was brought into being in 1849 which altered the principle 
of measurement by including the entire cubic contents of vessels, computed externally. Poops, forecastles, 
and all covered in spaces were measured. Two rules were formulated, one being used for the 
admeasurement of loaded vessels by a system of girting. The standard method of measurement proposed 
by this Commission was unfavourably received by the shipowners, and generally considered to be too 
complicated in its application and a poor index of the internal capacity of ships for carrying cargo. 

Owing, mainly, to the influence of Mr. Moorsom, new tonnage laws were introduced and embodied 
in the Merchant Shipping Act of 1854. Mr. Moorsom, who was a student in the School of Naval 
Architecture and Surveyor-General for Tonnage, became the Secretary of the Commission elected to 
investigate the whole question. The system adopted in the measurement of vessels for gross tonnage 
was based on an accurate method of obtaining cubic capacity by the means of Stirling’s rule, the 
principle approved being ‘ ‘iat the whole internal space of a ship should be measured in order lo establish 
her capacity.” The tonnage deck was defined, and the space beneath this deck and the ceiling on the 
floors of the ship was measured as the “ under-deck” tonnage. Then the space between the tonnage deck 
and the upper deck (if more than two complete decks were fitted) was added to the capacity of all 
permanently closed in spaces on the upper deck available fur the carriage of cargo or for the berthing 
and accommodation of passengers and crew. The sum of these capacities, divided by 100, indicated the 
“oross” tonnage. This divisor of 100, being 100 cubic feet to the ton, is not a measurement of weight, 
but of roomage; it was suitable as a means for comparison with the Old Rules. A great deal of 
controversy has arisen over the adoption of this divisor, but it is now universally used in international 
tonnage measurement. Certain spaces specified in the Act were permitted to be deducted from the gross 
tonnage, the remainder being the “ net” register tonnage. 

With slight modifications made at various periods, the tonnage regulations of 1854 form the basis of 
the present instructions. Detailed reference will be made later as to the interpretation and methods 
of application of the current Rules. 

The European Commission of the Danube, an International body which was appointed in the year 
1856 to improve the navigating facilities of the River Danube, made regulations for collecting dues to 
cover the expenses of the improvements made. he British Board of Trade in 1862 issued a 
memoraitdum calling attention to the necessity for a uniform method of tonnage measurement, but the 
negotiations with the other Powers temporarily fell through owing to the Franco-Prussian War. 

The Suez Canal was opened for traffic in 1869. As a result of the calling together of a Commission 
by Monsieur de Lessepsin 1868, it was decided to levy dues on the net tonnage of vessels as given on their 
national certificates of registry, pending uniformity of regulations. At a later date, in July, 1872, the 
Company began to charge dues on the gross tonnage, which created opposition from all quarters, with 
the result that the Sultan of Turkey called together an International Tonnage Commission, which met at 
Constantinople in September, 1873. The Moorsom system of measurement was adopted, but a different 
method of deduction for the propelling space from that embodied in the British regulations was accepted 
with a more rigid application of the Rules regarding exempted spaces and the measurement of enclosed 
structures above the uppermost deck. 
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It was hoped that the regulations would be accepted by all the countries as a means for a definite 
and uniform method of tonnage measurement, but when the Board of Trade put the proposal before the 
British Government in 1874 and 1881, it was defeated. The proposals meant an increase in the net 
registered tonnage. 

The Danube Commission adopted the Suez Canal Rules in 1876. 


In 1867 the Board of Trade attempted to make an alteration to the percentage for deduction and 
method of measuring the machinery spaces by including all bunkers in the machinery space, but limiting 
the allowance to 50 per cent. of the gross tonnage, except in the case of tug boats. It was embodied in a 
Merchant Shipping Act of 1871, and introduced in the House of Commons, but was never proceeded 
with. The principle, however, was eventually adopted by Germany. 

On the 11th October, 1880, a Royal Commission on Tonnage was called together for the purpose of 
making further enquiries into the operation of the Tonnage Laws. Included as members of the 
Commission were Mr. (afterwards Sir John) Glover and Mr. Bernard Waymouth of Lloyd’s Register. 
Their report was published on the 25th August, 1881, and the approved proposals were embodied in the 
Merchant Shipping Act of 1894. Slight modifications have since been made in 1906 and 1907. 

The first country to adopt the Moorsom system of measurement after Great Britain was the United 
States of America, who embodied the principles in an Act in 1864, but up till the year 1882 did not 
make any deductions from the gross tonnage. Since 1882, however, the United States of America have 
practically come into line with the British regulations, with slight. differences which will be referred to 
later in the paper. 

The International Institute of Statisticians, Paris, 1899, adopted resolutions urging an international 
tonnage, but without result. 

A French Committee, with Monsieur de Lesseps at the head, was responsible for the commencement 
of the Panama Canal in May, 1878. The affairs of this company were eventually wound up, and 
Monsieur de Lesseps died in 1893. A new company was formed in 1894, and finally, owing to financial 
difficulties, the United States of America bought the site and property on May 4th, 1904, and 
completed the canal, which was opened for traffic in the year 1914. 

By the Act of August 24th, 1912, provision was made for tolls to be based upon gross or net 
register tonnage, displacement tonnage, or otherwise. When based on net register tonnage the tolls were 
not to exceed one dollar twenty-five cents per register ton; nor be less—other than for vessels of the 
United States and its citizens—than the estimated proportionate cost of the actual maintenance and 
operation of the Canal. Acting upon the authority given him by this Act, the President of the United 
States prescribed that merchant vessels carrying passengers or cargo should pay one dollar and twenty 
cents per net vessel ton—each one hundred cubic feet—of actual earning capacity, He also directed the 
Secretary of War to prepare rules for the measurement of vessels to carry the proclamation into full 
force and effect. 

Difficulty has since arisen as to what is meant by net register tonnage, for the Panama Canal rules 
were not in existence at the time of the proclamation. The Panama Canal regulations produced a 
greater net tonnage than those prescribed by Statute, and when the Company charged vessels for tolls on 
the register ton of the Panama Canal rules, the question was referred to the Attorney-General, and it was 
decided that the limitation of one dollar twenty-five cents per net register ton meant register tonnage as 
computed under the statutory rules. Consequently, the Canal Authorities have refunded a considerable 
amount of money made up from excess charges. 

To obviate the dual system of admeasurement with the consequent loss of revenue, a Bill was 
presented by Representative Winslow, the Chairman of the Committee on Interstate and Foreign Com- 
merce, on February 26th, 1924, with a view to basing the tolls on net register tonnage as determined in 
accordance with the rules of measurement adopted for the Panama Canal. A concession is suggested 
that deck loads would be exempted from measurement. The Bill is to become effective, if adopted, on 
the first day of the eighth month following enactment. The subject is one of great importance to ship- 
owners whose vessels are operated through the Panama Canal. 

The Board of Trade is the appointed authority to supervise the enforcement of the law in Great 
Britain. This Department was originally formed under Charles IT. in 1668, and became a permanent 
establishment in 1696. By the terms of the Merchant Shipping Act of 1854, Surveyors were appointed 
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to inspect machinery, boats, and life saving equipment, and also to investigate causes of accident or 
damage to ships. By the Act of 1872 the duties of the Commissioners of Customs with respect to the 
measurement of ships for Tonnage were transferred to the Board of Trade. } 


(b) Lecat Decisions AFFECTING BRITISH TONNAGE REGULATIONS. 


There are three legal decisions of great historic interest which have had an important bearing on the 
British tonnage regulations, and brief reference is, therefore, given to these before dealing with the 
methods of tonnage measurement. 


(1) The Case of the “ Isabella,’ April 3rd, 1879. 


This case arose from the interpretation of the regulations relating to the treatment of light and air 
spaces above the engine and boiler rooms. The dispute occurred between the Board of Trade and the 
London and North-Western Railway Company (the owners of the “ Isabella,” a paddle steamer), and 
was referred to the High Court of Justice for settlement in the year 1879. The owners claimed, in 
addition to the contents of the engine and boiler space plus 50 per cent., the contents of the engine room 
skylight and boiler casings above the deck plus 50 per cent. notwithstanding that the contents had not 
been previously measured and included in the gross tonnage. The Board of Trade resisted the claim as 
being contrary to the spirit of the tonnage regulations, but the decision of the Court went against them, 
with the result that steamers of the company, whose gross tonnage amounted to 1,035 tons, were able to 
secure a net register of only 230 tons. The regulations were, therefore, modified in the Acts of 1889 
and 1894 to meet the legal decision, and permission is now given to utilise light and air spaces in 
the gross measurement of engine and boiler rooms. 


(2) The Case of the “ Chilka,” May, 1879. 


Much prominence was given to the procedure of measuring vessels for tonnage under the Act 
of 1854, with the system of water ballast fitted in vessels built by Messrs. Denny Brothers of Dumbarton. 
Messrs. Denny Brothers contended with the Board of Trade that the depth used for computing the 
tonnage capacity of the ship should be taken to the top of the framing, #.e., to the top of the water ballast 
tank as fitted in the ship. The difficulty arose from the interpretation of obsolete regulations which 
were originally framed for the purpose of measuring wooden ships, where reference was made only to 
floors and floor timbers. The Board of Trade at this period did not allow the space occupied by water 
ballast tanks to be exempted from measuremeut. ‘To have done so would have practically been to allow 
an advantage to ships ballasted with water over ships ballasted in the ordinary way. ‘The Board also 
contemplated difficulty with the Suez Canal Company in view of the decisions made at the International 
Tonnage Commission held at Constantinople in 1873. The builders were eventually successful in their 
application, and as a result of the decision the depth was taken to the tank top instead of to the floors. 
Although legal action had been initiated by the Owner’s representatives, the Board of Trade pronounced 
decision without referring the matter to the High Courts of Justice. 


(3) “Bear” Judgment.—House of Lords.—Thursday, 11th March, 1875. 


This action arose from an appeal instituted by the Lord Advocate of Scotland on behalf of the 
Board of Trade and the Board of Customs against the Clyde Steam Navigation Co., in order to have 
it declared that the register tonnage of the Respondent’s steamship the “ Bear” should be increased 
to 634 tons, her present register tonnage being much less. 

The ground upon which this rectification of the register was asked for was that the “ Bear” had 
an upper or spar deck above the tonnage or main deck, and this upper or spar deck should have been 
measured in accordance with the rules contained in the Merchant Shipping Act of 1854. 


The clause of the Act to which reference was made read :— 


“Tf the ship has a third deck, commonly called a spar deck, the tonnage of the space 
between it and the tonnage deck should be ascertained as follows,” 


then followed certain rules for measurement. 
The question then was, did the “ Bear” have a third deck, commonly called a spar deck. 
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From the report submitted by Mr. Mumford, Lloyd’s Surveyor at Glasgow, it was shown that the 
deck in question could not be considered to be a continuous deck as it was provided with openings which 
extended completely across the vessel. These openings were provided with planks and hatches, which 
were neither fastened down nor rendered watertight. Further, the covers were not watertight under 
dicey and the planks, ete., were not made to fit so as to be efficacious in sheltering the cargo beneath 
them, 

The space between the upper and main deck could not be considered, under these circumstances, 
as a “closed in space on the upper deck available for cargo.” 

It was stated in the evidence that an awning deck was a lightly constructed and not necessarily 
continuous deck over a main or weather deck. The sides of the vessel were usually of light structure and 
fitted with ports and scuppers through the ship’s sides to discharge any water that may find its way on 
to the main deck, the main deck being fitted with coamings and hatches as it would be to a deck entirely 
exposed to the weather. 

The purpose intended to be served by an awning deck is that of shelter and protection to passengers 
and cattle, or such cargo as would otherwise be carried on an open deck, while a spar or upper deck was 
intended to cover dry and perishable cargoes. 

As an outcome of the “ Bear” judgment, instructions were issued by the Board of Trade to their 
Surveyors, that in cases similar to the “ Bear,” the space in question was to be excluded from measure- 
ment, and that where a space is so far from being entirely and permanently closed in that it is not fit for, 
and is not intended to be used for, cargo (other than cargo which can be carried on an open deck), it was 
not to be included in the measurement. 

The decision did not appear to apply to cases where the space in question is capable of being used 
for, or is intended to be me for, cargo not ordinarily carried on an open deck. 

The difficulty was to distinguish between these two cases, for vessels might be specially constructed 
and loaded so that they would get the benefit of the exemption and yet be practically able, by closing up 
the ‘mee or otherwise, to carry in the exempted spaces cargo which they would not carry on the 
open deck. 

s The interpretation of this legal decision by the Officers of the Board of Trade appears to be expressed 
in the instructions issued for the guidance of their surveyors, viz :— 


“Tt seems, therefore, that a certain space is to be exempted from measurement (and con- 
sequently from taxation) on the grounds (1) that the deck above it is not practically a complete 
deck for all purposes of safety ; and (2) that to load cargo in the space under that incomplete 
deck might render the ship unseaworthy.” 

Surveyors were, therefore, instructed to exercise caution and when in doubt to submit the case to 
the Board of Trade for decision. 


SECTION III—BRITISH TONNAGE MEASUREMENT. . 
(a) DEFINITIONS, 


The regulations which control the measurement of ships for register tonnage are contained in the 
Merchant Shipping Act of 1894 and various subsidiary Acts of later dates. 

All British ships before they can besregistered must be measured for tonnage. Other ships trading 
with this country must also be measured for tonnage on arrival in a British port by a Board of Trade 
Surveyor, unless they possess a National Certificate of tonnage accepted by the British Government and 
approved by an Order in Council. The list of countries whose certificates denote that the ships have been 
measured in accordance with the British regulations and have been accepted by an Order in Council are 
given in Section V. of the paper. 

There are two rules by which ships can be measured, known as Rule I. and Rule II. We will 
briefly refer to the latter as it is very rarely used, and is only permitted when it is impossible to use Rule I., 
owing to the holds being filled with cargo. Special permission must also be obtained from the Marine 
Department of the Board of Trade before measurement can be commenced by the Surveyor. 

To prevent confusion, reference will only be made to steel ships throughout this section of the paper. 

The length is taken on the uppermost deck (not necessarilythe tonnage deck as used in Rule I.) from 
the after side of stem to the fore side of sternpost. The ship is “ girted” by means of chain measurement 
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around the outside and under the keel of the ship at the greatest breadth. To one-half the girth thus 
taken, add one-half the main breadth ; square the sum, multiply the result by the length of the ship as 
described, then multiply the product by the factor,0018. The resulting figure will give approximately the 
cubical contents of the ship, and the tonnage is obtained by dividing the contents by 100. The tonnage 
of any “closed in” spaces above the upper deck is computed by multiplying together the mean length, 
breadth, and depth of these spaces and dividing the product by 100. The tonnage thus obtained of the 
under-deck portion of the ship added to the tonnage of all “closed in” spaces gives the gross tonnage. 


The deductions from the gross to obtain the net are computed as in Rule I. 


It will perhaps be helpful if some explanation is given here of the various lengths used in tonnage and 
3 Ear, . - z D 
freeboard computations. Reference should be made to Fig. 1 on Diagram V. 


TONNAGE LENGTH.—XStrictly speaking this length is the straight length, i.e., disregarding sheer, 
between the intersection of the inside surface of frames, or ceiling, at the extremities of the tonnage deck. 


THE REGISTER OR IDENTIFICATION LENGTH is the length from the foreside of stem at the extreme 
top of the stem to the after side of the sternpost, or the centre of rudder stock if a balanced rudder it 
fitted. This length is used only for identification purposes, but appears on the certificate of Registry as 
the “ official” length. 


Lioyp’s REGISTER LENGTH is the length measured from the fore side of stem to the after side of 
the sternpost on the summer load waterline. In vessels having a cruiser stern the length is taken as 
96 per cent. of the extreme length measured from the fore side of the stem to the aftermost part of the 
cruiser stern, but is not to be less than the length from the fore side of the stem to the after side of the 
sternpost, or to the centre of the rudder stock where a sternpost is not fitted. 


FREEBOARD LENGTH is the length on the summer load water line from the fore side of the stem to 
the after side of the rudder post. Where there is no rudder post, the length is to be measured from the 
fore side of the stem to the centre of the rudder stock. 


EXTREME LENGTH is the length overall from stem to stern. 


(b) UNDER-DECK TONNAGE. 


When proceeding to measure a vesssel for under-deck tonnage by Rule I., it is important to understand 
which deck is the tonnage deck. 


The tonnage deck is described in the regulations as being the upper deck in all ships which have less 
than three decks, and the second deck from below in all other ships. 


The various figures given on Diagram II. are self-explanatory. The deck must be a complete deck 
fore and aft, i.e, where a lower deck partly breaks at the machinery space it must be connected by a broad 
stringer to be reckoned as a continuous deck. It is, therefore, important to remember when a shelter deck 
vessel having a tonnage opening in the shelter deck, or a shade deck with openings in the sides, and having 
only two complete decks, the under deck tonnage is measured to the second deck. If for any reason the 
tonnage opening or side openings are permanently closed, it will not satisfy the rules toseparately measure 
and add the ’tween deck space to the original under-deck tonnagé. ‘The ship must be measured for tonnage 
up to the upper or second deck from below, which is the shelter deck. 


For the purpose of obtaining the tonnage particulars for the coefficient associated with freeboard 
computation, under the present regulations, the tonnage is that which is contained in the ship to the 
uppermost continuous and complete deck, irrespective of the position of the tonnage deck. This will be 
displaced in the proposed new regulations by the volume of displacement at 85 per cent. of the moulded 
depth to the freeboard deck. 


Having settled on the tonnage deck we proceed to measure the fonnage length. This length is taken 
on the upper surface of the deck, at such a parallel distance from the middle line as is convenient to obtain 
a run through the erections clear of the hatchways, and from a point forward where the inside surfaces of 
the frames (or ceiling if fitted at the extremities) intersect, to a similar point aft, This is shown in 
Figs. 1 and 2 on Diagram V, 
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When the full tonnage length has been measured, careful investigation must be made as to whether 
there is any break in the double bottom. It is a common practice to fit ordinary floors in the boiler room 
with a double bottom elsewhere. If the floors are above or below the double bottom then the under deck 
tonnage is measured in three parts as illustrated in Fig. 5 on Diagram V., but if the floors are fitted 
to the same height as the double bottom then the under-deck tonnage is measured in one part. The 
tonnage length, or its various parts, are subdivided in accordance with their class as laid down in the 
regulations, viz. :— 


Tonnage length or length No. of subdivided 
of part. equal parts. 
50 feet and under Ae ae sae aie aoe ay ~ 4 
Above 50 feet to 120 feet ... ast Fe 55% me rs 6 
wreLZed * 180i.) ie as ies ot den sds 8 
337 E80 95 2b" est ‘oh vee oA we tes 10 
Fe ed cee ree ae — 556 aes see nae 12 


The Panama regulations are the same as the British in this respect, but the Suez Canal regulations 
only require the under-deck tonnage to be measured in one part (except in the case of dredgers), so that 
a separate computation must be made for the special Suez Canal certificate. 

Having fixed on the points of division of the length, or in other words, the stations of the 
transverse areas, then proceed to investigate the type of floor or tank top fitted in the ship. 

Under the British regulations the depth at ihe various stations is taken from the under side of the 
tonnage deck to the upper side of the tank top or floor, deducting therefrom one-third of the round of 
beam and the average thickness of ceiling if fitted, but disregarding any grounds on which the ceiling is 
laid. No account of ceiling is taken if fitted only under hatchways. 

If there is a straight drop in the tank top from the middle line of ship to the margin plate, one- 
half of the drop is added to the depth ; if the drop is a camber line then one-third is added. If there is 
a “hip tank,” 7.e. when the tank top rises towards the margin, the bottom intervals taken for obtaining 
the transverse areas are subdivided to suit Simpson’s rale, so as to more accurately measure the lower 
portion of the cargo holds. The Panama Canal regulations agree with the British in regard to this 
method of subdivision, but the Suez Canal regulations do not require this extra measurement and the 
bottom ordinate is, therefore, nothing. Owners of ships which trade East and constantly pass through 
the Suez Canal take advantage of these regulations and provide a “hip” tank. The result is that the 
under-deck tonnage is less than the British. 

Before the present regulations were introduced, a great deal of controversy took place in regard to 
the limit of the “depth” measurement. With the McIntyre system of construction, the water ballast 
space extended above the floor plates, and the space between the floors and the tank top was included in 
the internal volume of the vessel, and thus appeared in the under-deck tonnage. 

As a result of the decision given in the case of the “ Chilka” the present regulations stipulate that 
if a vessel has a double bottom for water ballast, the depths are taken to the upper side of the inner 
plating of the double bottom, provided the Surveyor can certify that the space between the inner and 
outer plating is not available for the carriage of cargo, stores, or fuel. 

The main question to keep in mind is, “the situation of the top of the floors,” for the limit of the 
tonnage depths. 

The limit in a cellular double bottom ship is, therefore, the tank top. In a longitudinally framed 
ship, it is the upper surface of the bottom longitudinals (if no double bottom is fitted). Circular tanks 
have been fitted in certain oil ships, standing on the tank top, which had perforations made therein to 
allow the oil to enter the double bottom. The depth was measured to the perforated tank top as 
representing the top of the “ floors” of the ship. 

The United States of America follow out the spirit of the 1854 regulations by measuring down to 
an imaginary line of normal height of floors, so that in a vessel with a deep double bottom, which is 
utilised for the carriage of oil fuel, a portion of the double bottom space is included in the under-deck 
tonnage, and in a vessel constructed on the longitudinal system, some portion of the hold availaole for 
cargo is not included in the under-deck tonnage. This method in comparison with the British has 
a marked influence on the propelling power allowance. 


a 
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Before the 1st of June, 1907, peak tanks, when available for water ballast, were “exempted” from 
hag y tonnage measurement ; they are now included, but deducted from the gross under Sec. 79 of 
the M.S.A. 

Having determined the tonnage depths at the various stations, we proceed to divide the depth into 
a number of equal parts for the measurement of transverse areas. 

If the depth at the midship division of the length does not exceed 16 feet, the depth is divided into 
four equal parts, and if the depth exceeds 16 feet, then it is divided into six equal parts. If the tank 
top rises transversely, then the depths are divided into five or seven equal parts as the case requires, and 
the lowest part is subdivided into four equal parts. 

Measurements are then taken at these points of division in a transverse direction from the inside 
surface of the frames, or sparring if fitted, and then put through Simpson’s Rule for obtaining the areas 
of the various sections. Three inches is the maximum limit for sparring, and for lining in the case of 
an insulated hold. The spacing of the sparring must not be greater than about 12 inches. 

The upper breadth is taken in a horizontal direction through a spot at a distance of one-third of the 
round of beam below the tonnage deck to the projected face of the frames or sparring, as illustrated in 
Fig. 4 on Diagram V. 

The bottom breadth is measured along the inner bottom to the face of the heel brackets to the main 
frames of the ship, if the tank top is level. 

q they various transverse areas are then put through Simpson’s Rule and the under-deck tonnage thus 
obtained. 

ie identification or register dimensions are usually obtained when the under-deck tonnage is 
measured. 

The register length has already been explained. The register depth, or the depth of hold, is the 
actual depth from the under side of tonnage deck to the tank top, or ceiling if fitted, amidships, measured 
at the middle line of ship and at one-half of the register length. 

The register breadth is the extreme breadth of the ship, measured over the plating, but disregarding 
rubbing strakes or fenders. (See Fig. 4 on Diagram VY.) 

An example of the computation for obtaining the under-deck, gross, and net tonnages is given at 
the conclusion of the paper. 


(c) Gross ToNNAGE 


Before proceeding further with the description of the system of measurement, it is well to be clear 
in our minds as to the difference between “ exempted” and “ deducted” spaces. 

Exempted spaces are always measured, as they must be shown on the form prepared by the Board of 
Trade Surveyor for furnishing the necessary information which appears on the certificate of registry, but 
the contents of these spaces do not appear in the gross tonnage. 

Pe ha spaces must first be measured and included in the gross tonnage before they can be 
educted. 

All “enclosed” spaces above the tonnage deck are, therefore, measured and included in the gross 
tonnage. 

The tonnage of the "tween deck spaces is measured by taking the length in feet from the inside of 
the frames or sparring at the stem and stern at the middle of the height, subdividing this length into 
the same number of equal parts as the length of the tonnage deck is divided. Measure at these 
subdivided stations, and at the half height, the breadth of the ship from the inside surface of frames or 
sparring if fitted. With these breadths estimate the volume of the space by the aid of Simpson’s Rule, 
and divide the result by 100, which gives the tonnage of the space. 

The poop, forecastle, deck-houses or other closed in spaces fitted with permanent means of closing 
are measured as a ’tween-deck space, except that it is only necessary to divide the length into two equal 
parts and estimate the volume in the usual way by Simpson’s Rule. 

The after breadth of a break, poop, or space in upper tween decks of ships with round sterns is 
measured at the transom plate connected with the rudder post, and at the middle of their height. 

Cruiser sterns are usually subdivided to estimate more accurately the volume of the space. 

A raised quarter deck is measured into the gross tonnage, the tonnage deck for limiting the under- 
deck is extended or projected aft from the upper deck, or what used to be referred to as the main deck, 
as illustrated in Figs. 6 and 7 on Diagram IT. 
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Hatchways ave measured by taking the length, breadth, and mean height from the top of the beam 
to the underside of the hatch, and their cubical contents computed therefrom. Any excess over one-half 
per cent. of the gross tonnage, less the hatchways, is included in the gross. 

The tonnage regulations, therefore, give very slight encouragement to the shipowner to fit deep 
hatchways which provide capacity for carrying cargo; but it must be remembered that their capacity 
above } per cent. of the gross is added to the tonnage. High hatchways are conducive to the safety of 
the ship and cargo, and for this reason it has been argued they should be exempted from measurement, 
or a maximum height of hatchway be, recognised, and any excess beyond this limit should be included in the 
gross tonnage. For British tonnage, hatchways leading to exempted spaces are not measured for gross ; 
a hatch on an open forecastle, therefore, is not measured. A trunked hatchway through an open bridge 
is measured for gross, also the coaming on top. All hatchways on erections are measured for Suez, 

If any light and air spaces above the crown of the engine room are required to be included in the 
measurement of the machinery space, in order to obtain the necessary percentage to secure the maximum 
deduction from the gross tonnage for the propelling-power allowance, they are measured and included in 
the gross tonnage. 

The principle which guides the Surveyor when deciding whether spaces shall be included in the gross 
tonnage is, that all “permanently closed in” spaces above the tonnage deck which are available for cargo 
or stores, or for the berthing or accommodation of passengers and crew, must be measured and included 
in the gross tonnage. 


(@) Spaces EXEMPTED FROM MEASUREMENT. 


Here we come up against the crux of the whole problem of tonnage measurement. The spirit of 
the original British tonnage regulations has been crippled by a certain inherent weakness relating to the 
question of permanently closed in spaces. When a direct appeal was made for a legal decision, the Board 
of Trade were forced to accept the present unsatisfactory method of dealing with exempted ’tween deck 
spaces. 

Poops, bridges, or any other permanent erections with one or more openings in the sides or ends not 
fitted with doors or other permanently attached means of closing, but otherwise so closed as to be not 
only available, but also actually fitted and used for the berthing or accommodation of passengers, must be 
measured and added to the gross tonnage. 

If these erections with one or more openings in the sides or ends are not fitted with doors or other 
permanently attached means of closing, they are exempted from tonnage. 

The minimum width and height of the permanent openings in the bulkheads are fixed at 3 feet 
and 4 feet respectively, and if coamings are fitted they must not exceed 2 feet. 

If only one opening is fitted it must be on the middle line of the ship; if fitted on one side, 
then a number of freeing ports and scuppers must also be fitted on each side of the space claimed for 
exemption. 

The various types of closing appliances are very confusing. A special diagram, No. IV., has, 
therefore, been inserted in this paper to show the details, with an explanation as to how they affect 
tonnage and, incidentally, freeboard assignment. 

Yor British tonnage exemption, the closing appliances fitted in the permanent openings must be of 
a temporary character; any fastenings must, therefore, not pass through the bulkhead. 

In Diagram IV., Figs, 5, 6, 64 and 74 show types of “temporary” closing appliances. Figs. 1, 2, 
8, 4 and 7B are types which are considered to be “ permanent” means of closing for tonnage purposes. 

“ Hook bolts” must not pass through the bulkhead for tonnage exemption. 

For freeboard assignment in accordance with the present regulations, appliances illustrated in Figs. 1 
and 2 are considered of a permanent character. Figs. 3, 6 and 7B are those of Class A., and Figs. 4, 5, 
6a and 7A are Class B. In Fig. 73, if the spacing of the bolts which pass through the bulkhead are 12 
inches or less apart, the type of closing appliance always remains as Class A., no difference being made in 
the class when the spacing is 6 inches and less as is recognised with the arrangement as shown in Fig. 2. 

As this paper is written with particular reference to tonnage, one example only is given as to the 
effect of closing appliances on the allowances for erections in freeboard assigument. Take a paragraph 11 
case, i.e, a “ vessel having a forecastle with a poop and bridge combined, the total length of ship being 
more than six-tenths covered by erections.” 
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(a) If closing appliances, as illustrated in Figs. 1 and 2, are fitted to the openings at the long bridge 
front, then full allowance is given under paragraph 11 of the Load Line Regulations (1906). 

(6) If the openings are fitted with closing appliances, as shown in Figs. 3, 6 and 78, full allowance 
for erections is given under paragraph 12. 

(c) With closing appliances, as shown in Figs. 4, 5, 64 and 74, the erections are dealt with under 
paragraph 12, but only three-quarters of the length is allowed for the poop and bridge combined. 

Tn case (a) with closing appliances as Figs. 1 and 2, the tonnage is included. 

In case (6) with closing appliances as Figs. 83 and 7B, the tonnage is included, and with closing 
appliances as Fig, 6, the space is exempted from tonnage. 

In case (¢) with closing appliances as Fig. 4, the tonnage is included, and with closing appliances 
as Figs. 5, 64 and 7A, the space is exempted from tonnage. 

From the Load Line Committee’s Report of 1913-15, the values of the different types of closing 
appliances are stated to be as follows :— 


Class I.—Fig. 1, with iron or steel doors of equivalent strength to the unpierced bulkhead 
and practically watertight when closed. 

Class II.—Fig. 1, with wooden doors not less than 2 ins. thick, having sills not less than 15 ins. 
above the deck, and Fig. 6, with shifting boards fitted to full height of opening, 1 in. thick, for 
each 15 ins. of span, and with plate coamings not less than 15 ins. above the deck. 


Their value for tonnage will, probably, remain the same as at present. 

The Report of the Load Line Committee of 1923 has not yet been published. 

The relationship between permanent and temporary means of closing and the general question of 
seaworthiness is, to say the least, confusing and conflicting, and some modification and simplification 
might usefully be discussed. 

The following particulars will assist to make the foregoing explanation clear and should be read in 
association with the figures on Diagram IV. :— 


‘Tact . | : - 
eat Moar ne sont Tresboasd | Fil wheat. inc Tr prs me Erection 

egulations). S Gross Tonnage. 

1 Permanent Permanent Included 

- ” ” ” 

3 Class A % ” 

4 a JD _ af 

5 Pe ee Temporary Exempted 

6 » A ” ” 

6A 2 igi a ” 

7A rs) re » 

7B ent. Permanent Included 


THE TREATMENT OF SHELTER ‘TWEEN Deck Spaces.—Before referring to exempted spaces of a 
minor character and to deducted spaces, let us examine the conditions of the much-discussed and thorny 
problem of the exempted *tween deck spaces of what is—or at least what was—the shelter deck ship 
having a tonnage opening in the shelter or superstrncture deck. 
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It is as well to state here that the Suez and the Panama regulations are practically in agreement as 
to the principle of an exempted "tween deck space. Only those portions of the ship abreast of side 
ep and the machinery deck openings, are exempted from tonnage, the remainder is measured inte 
the gross. 

It was directly opposed to the spirit of the tonnage regulations of 1854 to exempt any portion of a 
*tween deck, as is now permitted by the present regulations, judged from the evidence given before the 
Tonnage Commission of 1881. The latter are based upon the legal view taken in the historic case of the 
“Bear,” to which reference has already been made in the historical section of the paper. 

The conditions for a ’tween deck space to be exempted from tonnage should be considered in relation 
to the particulars shewn in Diagram III. They are as follows :— 

(a) There must be a permanent middle line opening in the shelter or superstructure deck, 
the length of which must be at least four feet clear of any frame bars or deck plating, the width 
must not be less than that of the after cargo hatch, the height of the coaming must not exceed 
12 inches. Portable guard rails and stanchions must be fitted round the opening, and all the 
arrangements must be such that they do not lend themselves to provide battening down arrange- 
ments, All the fastenings of the hatches in the deck tonnage opening are to be of a temporary 
character, such as hemp lashings and eye bolts, as illustrated in Diagram III. The distance 
between the after edge of the deck opening and the aft side of the sternpost must not be less than 
one-twentieth of the registered length of the vessel, or if the opening is placed forward, the fore side 
must not be less than one-fifth the length of the vessel from the stem. 

(b) If the deck opening is aft, there must be at least two permanent openings in all the 
transverse bulkheads in the exempted ’tween deck space, and their closing appliances must be of a 
temporary nature as previously described for deck erections. 

(c) There must be at least one freeing port of reasonable size abreast the deck opening not 
provided with means for closing, and a suitable number of scuppers not less than 34 inches in 
diameter distributed throughout the ’tween deck space. 

(d) All openings in the wpper deck (deck below shelter deck) or the first deck below the 
superstructure deck (the superstructure deck being the upper deck in the revised Rules of Lloyd’s 
Register) must be provided with proper means for closing and battening down, because this deck 
is the weather deck for the purpose of the administration of the tonnage rules. 


Full particulars must be shewn on a drawing and submitted to the Board of Trade for their 
approval. 

3 When the owner of a vessel wishes to dispense with the tonnage opening, the question of load 
line assignment, under the present regulations, is settled by the considerations of the standard of strength 
of the 1885 Lloyd’s Rules, and the Surveyor should see that the overboard scuppers are closed by riveted 
plates, and scuppers led to the bilges ; also the deck tonnage opening should be permanently riveted up 
or made in height the same as an upper deck hatchway. 

Diagram III. shews all the salient features connected with a shelter-deck vessel having a tonnage 
opening. A vessel possessing all the various characteristics shewn obtains every conceivable advantage 
from the present British tonnage regulations. The actual portion of the ship included in the net tonnage 
is shewn in hatched lines. 

The measurement of deck cargo is undertaken by the Officers of Customs in accordance with the 
terms of the Merchant Shipping Act, but this regulation only applies to foreign-going ships, so that 
home-trade vessels, particularly those of the shelter-deck type with tonnage opening, are very well 
treated. 

The following spaces of a minor character are “exempted” from British gross tonnage, viz. :— 

(a) Any building erected on the upper deck for the shelter of deck passengers and approved 
by the Board of Trade. 

(6) Any closed in spaces solely appropriated to and fitted with machinery. 

(c) The wheelhouse for sheltering men at the wheel (“ deducted” for Suez). 

(d) The cook-house and also bakeries when fitted with ovens and used entirely for such purposes, 

(e) The condenser space. 

(/) Water-closets for the officers and crew, and one for every 50 passengers, with a limit of 
12 in number. (Water-closets for officers and crew are “ deducted” for Suez.) 
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(e) DEDUCTIONS FROM Gross TonNAGE—I. PROPELLING PoWER ALLOWANCE, 


We will deal in the first place with the most important and controversial item of deduction from 
gross tonnage, viz :—the “‘ propelling-power ” allowance for steamers or motor-ships. 
The present British Regulations are briefly as follows :— 


The tonnage of the machinery spaces may include all or a portion of the following items :— 


(a) The space below the crown of the machinery space (i.e., the crown is the top of the 
main space from which the depth is taken). 

(+) The space between the crown and the upper deck framed in for the machinery, or for 
the admission of light and air. 

(c) The space similarly framed in above the upper deck, and 

(d) The contents of the shaft tunnels, recesses and escape trunks. 


Each of the above portions is measured separately and added together for the full volume of contents. 


The extent of the dimensions of the machinery space must be reasonable and that which is only 
necessary for safe working, but no restrictions are made in screw steamers which obtain the allowance of 
32 per cent. of the gross tonnage. Limitations may have to be enforced where screw steamers with large 
engine rooms obtain the 13 times the machinery space deduction. 


When the measured tonnage of the actual machinery space amounts, in the cases of paddle vessels to 
between 20 and 380 per cent., and in the case of screw vessels to between 138 and 20 per cent. of the 
gross tonnage of the vessel, the allowance is to be 87 per cent. of such gross tonnage in the case of paddle 
vessels, and 32 per cent. in the case of screw vessels. 


On the written request of the owner, the whole, or a portion, of the engine spaces above the deck, i.c., 
the light and air spaces may be measured into the contents of the actual machinery space, provided they 
are reasonable in extent, safe and seaworthy, and are so constructed that they cannot be used for any 
purpose other than machinery or for the admission of light and air to the machinery space below. 


The limitations are as follows :— 


(a) The length must not exceed the length of the propelling space ; any plated over portion 
is deducted from the allowed length. 
(0) The breadth is not to exceed one-half of the inside tonnage breadth of the ship amidships. 


The Measurement Surveyor signs a declaration that he is satisfied with the extent of these light and 
air spaces, and they are permanently marked as “ Certified as part of the engine room.” 


Engineer’s workshop, store rooms, or any space occupied by machinery not actually used in propelling 
the ship, are not included in the gross measurement of engine room space. 


Settling tanks in connection with the oil fuel system are included in the measurement of machinery 
space for British tonnage. 


When the engine room is restricted there is also a limit placed on the height of the tunnel, viz: 7 feet 
in single-screw vessels, and 6 feet in twin-screw vessels. 


It is of interest to understand how much of the light and air should be used in order to secure the 
lowest net tonnage ; a calculation has, therefore, been inserted in the paper and is associated with the 
example of tonnage computation given at the conclusion of the paper. Special attention is drawn to this 
as being of importance to ship design and operation. 


Light and air spaces not included in the gross measurement of engine room are exempted from 
measurement in the British regulations. Only light and air spaces used in machinery room measurement 
appear in the gross tonnage of the vessel, 


The Suez and Panama regulations follow each other closely in regard to the treatment of light and 
air spaces. Engine and boiler casings in shelter deck spaces are included in the gross tonnage and 
engine room. If the owner requires light and air spaces to be included in the engine room measurement 
which are situated above the first tier, he must forgo any exempted spaces situated in this tier or below. 


Subject to the foregoing, the light and air spaces in all erections above the first tier are exempted from 
measurement. 
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Placing openings in the side plating, as in a shade ’tween deck, make the space the first tier, and 
ae iy in a shelter deck vessel fitted with a tonnage opening aft is the side to side erection on the 
shelter deck. 


Where the actual engine room is not greater than 20 per cent. in a paddle steamer, and 13 per cent. 
in a screw steamer, the propelling power allowance is 1} times the tonnage of the actual engine room in 
paddle steamers and 14 times in screw steamers. 


If the tonnage of the actual engine room exceeds 30 per cent. in the case of a paddle steamer, or 
20 per cent, in a screw steamer, the propelling-power allowance can be treated at 37 or 32 per cent. of 
the gross tonnage respectively, or it can be given, at the owner’s option, the 14 or 1} allowance, but if 
the latter method is applied, the restrictions of the Merchant Shipping Act of 1907 must be considered, 
whereby the propelling-power allowance of all steamships, except tugs exclusively used for towing, is 
not to exceed 55 per cent. of that portion of the tonnage which remains after deducting from the gross 
tonnage any crew spaces and other deductions under Section 79 of the Merchant Shipping Act of 1894. 
This requirement came into operation on the Ist January, 1914. 


It was intended by the Legislature, when the Merchant Shipping Act of 1854 was passed, to 
encourage steamships, and this accounted for the liberal treatment given for the deduction of the 
propelling space. 

The allowances for “ propelling-power” apply to steamers irrespective of the trade in which they are 
employed and the duration of the voyage. A small coasting steamer which makes a trip in a few hours, 
provided she has a machinery space exceeding 13 per cent. of her gross tonnage, receives the same 
deduction for propelling power, viz.: 32 per cent., as she would be entitled to if she were trading with 
ports in Australia, China or India. In the former instance the allowance for fuel space is greatly in 
excess of her actual requirements for a short voyage, whereas in the latter case the equivalent allowance 
given would hardly be sufficient to provide space for the necessary amount of fuel to carry her half-way 
to her destination. 


Since the introduction of the motor-ship it has been argued that the limit of 18 per cent. gross 
measurement of engine and boiler space should be reduced so as to permit the building of small engine 
rooms and still secure the reduction of 32 per cent. from the gross tonnage of the ship. 


(e) Depuctions rrom Gross Tonnace—II. ITEMS OTHER THAN PROPELLING-PowER ALLOWANCE. 


The following deductions are made under Section 79 of the Merchant Shipping Act of 1894, and as 
slightly amended by Section 54 of the Act of 1906, viz. :— 


Master and crew spaces—When measuring a vessel for gross tonnage, a very careful inspection 
has to be made of all the living spaces of the crew to see that they are constructed in accordance with the 
regulations laid down in the “Instructions as to the survey of master’s and crew spaces” in regard to 
space, ventilation, &c. If a ship belonging to another nation is being measured for tonnage in this 
country and the crew spaces are not in accordance with the British regulations, they are not deducted 
from the gross tonnage, but whether deduction is sought by the owner or not, a British ship must comply 
with the regulations as to crew spaces. 


The relationship between crew space and tonnage is often overlooked by the owner. The larger the 
crew spaces the smaller is the net tonnage, because although these are measured and included in the 
gross, the bigger the gross the greater will be the allowance for propelling power and, consequently, 
a smaller net will be the result. 


Sail Room.—Is only deducted in the case of a ship wholly propelled by sails, and must not exceed 
24 per cent. of the gross tonnage, 


Spaces used exclusively for the working of the Helm, Capstan and Anchor Gear.—Deductions for these 
spaces are only made when situated below the upper deck, otherwise they are exempted from tonnage 
measurement, 


i 


| 
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Chart Room and Boatswain’s Store.—The whole of the chart room is deducted, but if the charts are 
kept in a cabin or the saloon of a small ship, one half of the cabin or saloon is allowed for this purpose, 
but is limited to 3 tons. The boatswain’s store should not exceed the following limits :— 


“Ships of 1,000 tons gross and upwards should not exceed 1 per cent. of the gross tonnage 
with a maximum allowance of 75 tons. In ships of 500 to 1,000 tons gross, a reasonable limit is 
about 10 tons, and in vessels of 150 to 500 tons, 2 per cent. of the gross, and in small vessels 
under 150 tons the allowance should not exceed 3 tons.” 


Donkey Engine and Boiler space.-—If this is situated within the boundary of the engine room or the 
casing above it, and the machinery is connected with the main propelling machinery of the vessel, the 
space forms part of the actual engine room and no separate deduction is made from the gross tonnage, 
but when situated in a house above the upper deck and not connected with the propelling machinery, it 
is exempted from tonnage measurement. In all other cases the space occupied by the donkey engine and 
boiler, if connected with the main pumps of the ship, is allowed as a deduction from the tonnage. 


Water-ballast spaces other than Double Bottoms.—The spaces must be situated above the top of the 
double bottom, or floors. They must be adapted only for water-ballast and can only be entered by an 
ordinary-sized oval manhole. Topside tanks, if situated below the tonnage deck, are measured into the 
gross and deducted for British tonnage, but, for Suez, the genuine topside tanks, é.e., having no bridge 
space or other erection covering them, are exempted from tonnage measurement. 


Cofferdams.—Are treated the same as water-ballast spaces. 


Settling Tanks.—Are included in the propelling-power allowance by the British and Suez Regulations, 
but are included in the gross tonnage of the ship and not deducted in any way for Panama Canal 
Certificate. 

All the spaces deducted under Section 79 of the Merchant Shipping Act must be reasonable in 
extent and efficiently constructed for the purpose intended, and properly marked. 


(f/f) YacHTS AND FIsHING Boats. 


Yacuts.—The “register” tonnage of a yacht is computed in accordance with regulations made 
under the authority of the various Merchant Shipping Acts, and not by a formula as is used when the 
tonnage is obtained by the ‘‘ Thames Measurement ”’ rules. 

The under-deck, gross and net tonnages are obtained in the same manner as for a cargo vessel. The 
usual deductions are the spaces for stowage of sails, boatswain’s stores, crew, and W.c.’s, and any space 
gt ay by auxiliary propelling machinery. The space for sail room is not deducted when machinery 
is fitted. 

To permit of a British yacht flying the blue ensign, it is necessary for a Surveyor of the Board of 
Trade to measure her for register tonnage. Yachts which belong to a recognised Royal Yacht Club are 
exempted from the usual marking of name and port of registry on the hull. 


Fisuinc Boats.—All fishing boats used for profit, except open and undecked boats, must be 
measured for tonnage and entered in the fishing boat register, and the owner must obtain a certificate of 
registry which has to be submitted every year for endorsement to a registrar. 

On registration the boat is given a number and distinguishing letters in accordance with the port 
or ge of registry. The letters precede the number; both the letters and the number are placed on 
each bow of the boat 3 or 4 inches below the gunwale so as to be clearly visible. In the case of steamers 
the letters and number are placed in a similar manner on each quarter and on the funnel 12 inches from 
the top, of a conspicuous size, and, as far as possible, on the foremost half of the circumference. 

The name of the boat and the place of registry are painted on the stern and the letters and number 
are also painted on each side of the mainsail. 

These regulations came into operation on the Ist May, 1902. 

Separate ‘Tonnage Regulations have been provided for fishing vessels; they are simple for 
application, and the measurement may be undertaken by Officers of Customs, Officers of Coastguard, and, 
in Scotland, Officers of the Fishery Board for Scotland. 
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(g) THE RELATION BETWEEN SHIPS’ DIMENSIONS AND TONNAGE 


The following particulars may assist in estimating very approximately the various tonnage values of a 
ship, viz :— 
Proportion oF Ner To Gross ToNnNAGE. 
Fast Steamers } 
Medium Steamers... ae oe af hes “se Sek nas 
Slow Steamers 3 
Cross Channel Steamers ry 
Coasting Steamers ... me vs se we ei a 


Proportion OF DEADWEIGHT TO GRoss TONNAGE. 
Small Cargo Steamers ae ue aa a Me 1} the Gross, 


Large Cargo Steamers (Average) ... een ze 55 ice 
Modern Large Cargo Steamers, with full scantlings, of 400 ft. 

in length and above fe ay for aa Ta ae 

Investigations have been made regarding the tonnages of a large number of cargo steamers of 
standard proportions, of the full scantling three-island type with 50 per cent. erections. The proportions 
vary from L/D = 18:0 and B/D = 1°65 in the 500 feet ship to L/D = 12°5 and B/D = 1'8 in the 200 feet 
ship. The various tonnages are plotted in Diagram I., and curves made to pass through as a mean 
average. A curve (almost a straight line) is added to show the relationship between deadweight, etc., and 
load draught. It was intended to still further investigate and obtain similar values for complete super- 
structure vessels, and vessels having tonnage openings, but time did not permit of their inclusion in 
this paper. This diagram gives useful information for the ordinary type of cargo steamer and, given 
the length of the ship, the under-deck, gross, net and deadweight tonnages, with the corresponding 
load draught, can readily be determined with reasonable accuracy. The investigations are based on a 
very wide range of ships. 

This diagram will also show, with greater accuracy than when using the proportions previously 
stated, the true relationship between the tonnages. It is of interest, therefore, to note the results at 
various lengths which are given in the following table :— 


wt | war | om | om | sk [ee at ia 
200 | 680 | 860 | 500 | 1220 | 1-27 58 1-42 
250 | 1820 | 1580 | 1000 | 2480 | 1-20 “60 1°53 
300 | 2250 | 2570 | 1620 | 4000 | 114 “62 1°55 
350 | 3450 | 3850 | 2420 | 5920 | 112 63 154 
400 | 4930 | 5510 | 8450 | 8180 | 112 63 1-48 
450 | 6780 | 7640 | 4800 | 10700 | 1:18 68 1:40 
500 | 8930 | 10220 | 6420 | 18700 | 114 68 134 


My colleague, Mr. Townshend, has been carrying the investigations a step further, with the 
object of obtaining a formula which can be used with a variable to suit different lengths of ships. So far, 
these investigations show that, with changing ship proportions, a standard “ variable” would be of little 
advantage to secure any degree of accuracy for under-deck, gross and net tonnages. It is, therefore, 


22 


proposed to extend the diagram of tonnages for other types of vessels, but a useful formula for the 
“deadweight ” tonnage which can be applied to Diagram V., i.e., for vessels of the ‘‘three-island type,” 
is (L—120)"*, L being the length of the ship. This formula is applicable to ships of 250 feet in length 
and upwards. 


In making certain investigations recently into the conditions of a large number of passenger vessels 
of varying lengths from 400 to 1,000 feet, for the purpose of securing a standard of effective efficiency of 
boat stowage in relation to dimensions and number of persons on board, it was discovered that the most 
economical vessel for the North Atlantic trade was one of about 600 feet in length. In the same way it 
is shown that the most economical cargo ship, from the point of view of carrying capacity with a low net 
tonnage, is round about 350 to 400 feet. 


A glance at Diagram I., will show that although the gross tonnage gradually increases in 
relation to the net and under-deck tonnages, the deadweight does not increase in the same proportion in 
vessels from 400 feet upwards as it does in the steamers of shorter length. 


SECTION IV.—A COMPARISON BETWEEN BRITISH REGULATIONS AND THOSE 
OF OTHER COUNTRIES. 


There are three methods at present in operation for dealing with the propelling-power deduction, 
Viz. :— 

(1) The British Percentage Method.—If the space actually occupied by the engines and 
boilers is more than 13 per cent. and less than 20 per cent. of the gross tonnage in the case of 
screw steamers, and more than 20 per cent. and less than 30 per cent. in the case of paddle 
steamers, the deduction for “ propelling-power” is 82 per cent. and 37 per cent. of the gross 
tonnage, respectively. 

If the actual machinery space is less than the foregoing limits the “ Danube ” rule is applied, 
and if the space is more, the deduction may be according to the “ percentage” or “ Danube ” 
rules. 


(2) The “ Danube” Rule.—The actual volume of the engine and boiler rooms is measured 
and an addition of 75 per cent. in the case of screw steamers and 50 per cent. in the case of 
paddle steamers is made for the deduction from gross tonnage. The percentage addition being 
used to cover fuel spaces which are not measured. 


(3) The old “ German” Rule—The actual volume of the engine and boiler spaces is added 
to the actual volume of the “fixed” bunkers for the “ propelling-power” deduction from 
gross tonnage. ; 


Suez Canal ReGULATIONS—When computing the under-deck tonnage, the tonnage length is not 
subdivided for breaks in the height of the double bottom spaces, and no special regard is given to a tank 
top rising transversely towards the margin by the use of subdivided intervals for transverse areas, as in 
the British and Panama rules. 


Shelter ’tween deck spaces, with a tonnage opening in the shelter deck, are not exempted from 
tonnage measurement, except for the space immediately abreast of any side openings. 


The Suez and Panama regulations differ from the British in relation to exempted spaces. 


With reference to detached erections, both the Suez Canal and Panama regulations are identical in regard 
to “ open spaces.” 

If the permanent opening measured at the end of the side-to-side erection (forecastle, bridge space 
or poop) is equal to, or greater than one-half the breadth of the deck in way of it, and is not fitted with 
a coaming, the portion of the erection measured from the opening end and not exceeding in length such 
half-breadth, is regarded as an “‘open space” and, therefore, exempted from gross tonnage. If a 
coaming is fitted, the whole of the erection is included in the tonnage. 
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While the Panama regulations do not give any further relief, the Suez Canal authorities allow the 
following spaces to be exempted from gross tonnage in the type of erections already referred to :— 


Forecastle-—One-eighth of the full length of the ship measured at half-height from the inside 
of the stem. 


Poop.—One-tenth of the full length of the ship measured at half-height from the inside of 
the stern frame. 


Bridge Space-—The space abreast of the machinery deck openings is exempted from gross 
tonnage. 


The full length of the ship is measured from the inside of stem at half-height of the forecastle 
to the inside of the stern frame or timber at half-height of the poop. 

All exempted spaces must be provided with means of access in case cargo is carried in a portion of 
the erection. 

Metal plates are secured to the ship indicating the extent of the exempted spaces. 

All cargo carried in exempted spaces in British ships is dealt with by the Customs Officers and 
measured by them for tonnage dues, but once cargo is carried in an exempted space under Suez Canal 
regulations the space is permanently added to the gross tonnage. 

Owners have the option of having the “ propelling-power” allowance treated by the “ Danube” rule 
or the old “German” rule, if the bunkers are permanent. Where the coal or fuel is stowed in 
bunkers which are not fixed, the allowance must be based on the ‘ Danube ” rule. 

The propelling-power allowance is restricted to 50 per cent. of the gross tonnage, except in the case 
of tug boats used exclusively for towing. 

All deductions, other than for propelling machinery and fuel, are limited to 5 per cent. of the gross 
tonnage. 

The Suez Canal Company make no difference between war and merchant ships, each haying to pay 
on their net register tonnage. 


PanaMa CanaL REGuLATIONS.—The method of measurement for under-deck tonnage is the same 
as the British. Slight differences occur in items of deduction from gross tonnage—other than the 
method of treatment of “ exempted spaces’”—which are not of great importance. The Suez Canal 
regulations are closely followed in regard to “open spaces” in side-to-side erections, and the treatment of 
shelter "tween deck spaces, but no portion of deck erections situated in the lowest tier is exempted from 
measurement, and is done for the Suez Canal special certificate. 

The “ propelling-power ” deduction is the same as the Suez Canal regulations. If oil fuel is carried 
in the double bottom spaces, the gross and net tonnages are increased accordingly. 

Double bottom compartments which are used exclusively for the stowage of feed water for ships’ 
boilers are first included in the gross tonnage and afterwards deducted. 

Panama Canal tolls are based on the earning capacity of merchant ships, i.e, their net register 
tonnage ; but when warships pass through the Canal they are charged on their displacement tonnage, 
which is considered to be a more practical and reasonable basis, as giving a better criterion of their 
respective sizes and weight than the system used for measuring enclosed spaces, which was adopted 
particularly for passenger and cargo ships. 


Unitep States oF AmERiIcA.—The registered length is measured on top of the tonnage deck from 
the fore part of the outer planking on the side of the stem to the after part of the main sternpost. 

Water ballast tanks in the peaks are not included in the under-deck tonnage asin British regula- 
tions. All accommodation spaces in passenger vessels above the deck next above the upper (or complete 
weather) deck, are not included in the gross or net tonnage. This influences the 32 per cent. deduc- 
tion for propelling-power allowance, and increases the net tonnage when compared with the British rules. 

Shelter ’tween deck spaces are included in the tonnage unless they are considered to be open to the 
shipment of seas, and can only be available for deck cargo. Poops, bridges and forecastles are included in 
the gross tonnage if the openings in the end bulkheads are fitted with doors, weather boards in channels, 
or other permanent means of closing. If the space is not available for cargo, and the bulkhead openings 
are closed with portable plates fitted with hook bolts not passing through the bulkhead, it is exempted 
from tonnage measurement. 
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Where double bottom spaces are used other than for water ballast, the tonnage depth is taken to a 
standard height of floors depending on the breadth of the ship. The same principle is observed when 
measuring bulk-oil carriers. Side water ballast tanks are “ exempted” from measurement. There is no 
maximum limit to the propelling-power allowance as in British, Suez and Panama regulations. The 
tonnage regulations in other respects are practically the same as the British. 


The Moorsom system of measurement was adopted in the year 1865. 


GeERMANy.—The present regulations were made operative in 1895, with slight modifications at 
subsequent dates. Although the regulations are not quite identical with the British in actual wording, 
the results are practically alike. 


Exempted ’tween deck spaces are controlled by the same provisions, but there is no law in Germany 
relating to deck cargoes. 

The actual volume of the space occupied by the engine and boiler rooms and the fixed bunkers was 
used in Germany for some time as the propelling-power allowance for deduction from gross tonnage. It 
was known as the “German Rule,” but is not now used by that country. The engine room allowance is 
based on the same percentages as the British, but the whole of the light and air spaces are measured into 
the gross tonnage and included in the measurement of engine space. 


There is no maximum limit for deduction of the machinery spaces as in the British regulations. 


France.—When a ship has a break in the floor line, the tonnage is computed to an imaginary line 
by projecting the upper surface of the deepest double bottom tank or floor until it intersects the line of 
frames at the ends of the ship. The tonnage depths are taken to this imaginary line. 


There are no restrictions to size of engine and boiler rooms. 


Otherwise the regulations appear to be the same as those of Great Britain, except for a more careful 
restriction of open spaces, due, probably, to the influence of the National Bounty. 


Japan.—The ae Measurement Law came into force on the Ist October, 1914, and is identical 
with that of the British regulations, with the following exceptions :— 


(a) All water closets, whatever the number, situated on the upper deck, are exempted from 
tonnage. 


() There are no provisions, as provided in the British rules, for the exemption of sheltered 
spaces for deck passengers on excursion boats. 


(c) The deduction for the machinery spaces is limited, even in the case of tug boats, to 55 
per cent. of the gross tonnage. 


(d) Special measures are provided for coasting sailing ships which are built in accordance 
with the proper Japanese type, so that their tonnages are measured by ‘“‘ Koku.” One “ Koku” 
is ten cubic “ Shaku,” and one “ Shaku” is nearly 9942 of a foot. 


ITaLy, NoRkway, DENMARK, Russia, Spain, GREECE, AND THE NETHERLANDS.—These countries have 
tonnage Regulations practically the same as the British ; the slight differences do not call for any special 
mention, except that Denmark does not include the space between the ceiling and tank top in the tonnage 
measurement. 


BrELeGiuM.—The gross and under-deck tonnages are usually the same as the British, but a difference 
occurs in the net tonnage, owing to the actual machinery space and bunkers being deducted in accordance 
with the old “ German Rule” instead of the percentage method as in Great Britain. 


Houzanp.—The whole of the British regulations are accepted by the Dutch Government for 
sea-going vessels ; also as regards spaces exempted from tonnage measurement. 


River vessels for Holland and the River Rhine are measured for carrying capacity, and the scale 
marked on the vessel’s sides between light and loaded conditions. 


SwEDEN.—The under-deck tonnage is measured in exactly the same way as the British. 
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Closed in spaces above the tonnage deck are measured as in Great Britain, with the following 
differences :—The poop, bridge, and forecastle are included in the tonnage if fitted with temporary closing 
appliances, such as weather boards in riveted channels. Such spaces are only exempted if there are one 
or more openings in the front or rear bulkhead, extending the full height of the erection or "tween deck. 
No sills are allowed. 

There is no width stipulated for the openings, but according to recognised practice the width ought 
to be so large that a person can pass through comfortably. 

For an exempted space in the ’tween decks, as for a shelter deck vessel having a tonnage opening in 
the shelter deck, the regulations follow the British law, except no closing appliances are permitted in the 
openings of the ’tween deck bulkheads. Only light and air spaces situated below the tonnage deck or 
in closed bridges or poops are included in the gross tonnage. 

Crew spaces and navigating spaces are the same as British, but the propelling power allowance is 
based on the old “German” rule, as in Belgium, Russia, Chile, France (alternatively with the British 
rule), the Suez Canal Company and the Panama Canal Authority (alternatively with the “ Danube” rule). 
The 32 per cent. of gross deduction, or the ‘* Danube” rule, is never used in Sweden. 

British ships arriving in Sweden for the first time are partially re-measured to entitle them to a 
Swedish certificate, which is valid in any port and for any length of time, so long as the vessel is not 
rebuilt or altered. 


SECTION V.—THE UNIFICATION OF TONNAGE REGULATIONS. 


Under the terms of Section 84 of the Merchant Shipping Act of 1894, if another country has 
adopted and put into force the British Tonnage Regulations, an Order in Council may be issued indi- 
cating that the tonnage inserted on the certificates of registry of vessels belonging to that country shall 
be accepted, with or without qualification. 

Tonnage particulars of ships of the following countries, which have adopted the British regulations, 
are accepted without qualifications, viz. :—Austria, Finland, France, Hayti, Italy, Japan and Norway. 
Ships of other countries are permitted to enter British ports without re-measurement, if they possess 
National Certificates of Registry issued after certain specified dates. There is a qualification in some 
instances in regard to the re-measurement for engine room allowance when certificates have been issued 
before certain dates. These additional countries, not previously given above, are :—Belgium, Denmark, 
Germany, Greece, The Netherlands, Russia, Spain, Sweden and the United States of America. 

Vessels belonging to other countries not mentioned above, if trading with this country, must be 
measured so as to obtain a certificate of British tonnage. ‘This certificate remains in force for three 
years, if no structural alterations are made to the ship. In certain cases, more particularly in vessels of 
countries previously referred to where the tonnages are accepted with qualification, the tonnage 
regulations may be identical with those of the British, except engine room allowance. It is then the 
usual procedure to have the ship re-measured for propelling-power deduction, so as to obtain a British 
certificate indicating the allowance permitted by the British rules. 

There have been various proposals submitted to the Tonnage Commissions at different times for the 
measurement of vessels for tonnage. ‘lhe following are the most important, viz. :— 


(1) That it should be the amount of deadweight cargo in tons which a ship could carry on 
a fixed load line. 

(2) The weight of displaced water between fixed light and load lines; the tons of weight 
being calculated at 35 cubic feet to the ton, and reduced by a suitable division to approximate to 
present tonnage, adding a proportion of the contents of the spaces used by passengers in the 
case of passenger vessels. 

(3) That it should be the cubic contents, or the displacement below a fixed load line. 

(4) Ships should contribute harbour dues on the basis of the extent of water, quay space and 
time occupied, as shown by their length, breadth and depth. 

(5) Another suggestion has been made that gross tonnage as measured at the present time, 
without any deductions, should form the standard for levying dock dues. 
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All these proposals were carefully considered by the Royal Commission on Tonnage in the year 
1881. It was admitted readily that the measurement of the internal cubic capacity of a ship for 
gross and net register tonnage was not an ideal system, and could not be made free from anomalies 
and certain inequalities. It was also considered, if the tonnage be based on displacement between the 
light and load lines, or on deadweight, that vessels could be quickly and easily measured, and would 
tend to give more equality of treatment as between ship and ship, but there were many features 
associated with the proposal which did not commend themselves, as the law would operate adversely 
in the case of passenger vessels and ships carrying light cargoes. 

Sir William White read a paper on “The Revision of the Tonnage Law,” before the Institution 
of Naval Architects, on the 30th March, 1882, and he advocated a revision of the basis of tonnage 
measurement from internal capacity to that which was termed “ Parallelopipedon Tonnage.” For all 
practical purposes the water space occupied may be taken as the parallelopipedon, of which the 
length equals the length extreme of a ship, the breadth her breadth extreme, and the depth her 
mean draught. The volume of the parallelopipedon would form the basis for tonnage. 

The principle of ‘service rendered” was considered as a better basis for assessing dock dues 
than “earning power,” service rendered being space occupied and duration of time. It was also 
advocated by many members during the discussion that the adoption of deadweight measurement 
would tend to remove most of the difficulties attaching to the present tonnage law. Disputes would 
no longer arise as to deductions for propelling space or water-ballast or light erections above the 
upper deck. Builders and owners would be left perfectly free in all these respects. 

Mr. James Maxton and Mr. A. T. Wall, in 1903 and 1919 respectively, reopened the subject 
again at the meetings of the Institution of Naval Architects, both these gentlemen advocating the 
principle of “block displacement” as the suggested basis for tonnage measurement. 

Mr. John Anderson in dealing with Assessment of Harbour and other Dues before the Institute 
of Engineers and Shipbuilders of Scotland in November, 1921, emphasised the necessity for a radical 
change in the present regulations on very similar lines suggested by the previous gentlemen referred to. 

Mr. Albert Isakson, of Stockholm, a Surveyor to Lloyd’s Register of Shipping, has devoted much 
time and attention to this important subject. He read papers before the Congress of Naval Architecture, 
Paris, in 1900, and the International Maritime Congress of Copenhagen in 1902. His investigations 
have prompted him to submit a compound tonnage system, 7.e., a tonnage formed of two components, the 
exterior volume or displacement of the ship up to and inclusive of the deck above water, when the ship 
is loaded, with the addition of a certain fixed part or percentage of all the tween deck spaces, deck 
erections and houses on or above this deck. The proposals of Mr. Isakson possess many features which 
should commend them to the Shipowner, and are worthy of serious consideration. 

It must be remembered that at the time of the meetings of the Royal Commission load line 
regulations were not compulsory. It was repeatedly advocated by many witnesses that there should be 
no exemptions from tonnage, and gross displacement up to a fixed load line was the best limit to which 
measurement for tonnage should be taken. By the law in operation at that time, every Shipowner, as 
between himself and his seamen, was bound to put a load line on his ship. It was, therefore, advocated 
by Sir Digby Murray that the fixing of this load line should be agreed to by the Board of Trade, and 
that the proposed system of tonnage measurement would be fair between ship and ship, and between 
Shipowner and Dock Authorities. 

The principle laid down by the International Commission in 1873 was that ‘ freight-earning” space 
should be reckoned as tonnage for the payment of dues. This is a question one may, therefore, 
reasonably ask—* Is the principle a just one, as many freight-earning spaces are never occupied by cargo, 
By = they might be ?” 

The Tonnage Commission of 1881 was of the opinion that, if the principle of compulsory load line 
were adopted, such load line should be dealt with in reference to what is its real object, viz., safety, and 
that it should not be confused or associated with the question of tonnage. 

If the displacement system of tonnage were adopted, it would allow the Owner to place erections 
We) te npper deck as he chooses, and so arrange the interior of his vessel in a way that was best suited 
to his trade. 

Beyond the influence of ‘‘ exempted” spaces on load line in what is generally known as the shelter 
deck type of ship, there is no direct analogy between the present system of tonnage measurement and 
freeboard assignment. 
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It is becoming more apparent every day that the time is ripe for international agreement on the 
question of Tonnage Measurement. Uniformity of regulations would prevent delay and expense to Ship- 
owners, as the tonnage inserted on the certificate of registry would be accepted in all ports and canals for 
tonnage and port dues, towage and dock charges. To introduce an entirely new method of measurement 
would, probably, meet with opposition. It is generally agreed that a formula could be easily provided to 
simplify the operation of measurement, but it is very doubtful, even from the experience of the Royal 
Commission of 1881, whether this would be universally accepted. What could be done is to endeavour 
to remove the serious anomalies of ** exempted spaces ” and “ propelling-power allowance ” associated with 
the present regulations, and secure international agreement. 

The differences between the tonnage regulations of the various countries are not of such a character 
as to prevent action being taken towards the unification of tonnage measurement, and any attempt made 
towards this desirable objective should not be accompanied with much difficulty. 


SECTION VI—REGISTRATION. 


The registration of British ships was made compulsory by the Navigation Acts of 1660 and onwards. 
The exigencies of trade alone required that British merchant vessels should be provided in time of war 
with legally authorised certificates, so that they might be at once distinguished from those of other 
nations. The British Registry Act of 1786 made it compulsory for every owner of a vessel of 15 tons 
upwards to have her measurement accurately ascertained according to a prescribed scale, her name and the 
port to which she belonged painted conspicuously on her stern, and her certificate of registration to 
contain full particulars of dimensions, etc. 

Every British ship, with certain exemptions, is now registered under the terms of the Merchant 
Shipping Act of 1894. If a vessel required to be registered by this Act is not so registered, then it is 
not considered a British ship. The master of a ship must always have the certificate of registry, or 
what is termed the ship’s register, in his possession on board, otherwise the ship is liable to be detained. 

The following ships are exempted from registry :— 


(1) Ships not exceeding 15 tons burden (net register tonnage) employed solely in navigation 
on the rivers or coasts of the United Kingdom, or on the rivers or coasts of some British 
possession within which the managing owners of the ships are resident. 

(2) Ships not exceeding thirty tons burden (net register tonnage) having a whole or fixed 
deck and employed solely in fishing or trading coastwise on the shores of Newfoundland or parts 
adjacent thereto, or in the Gulf of St. Lawrence, or on such portions of the coasts of Chee as 
lie bordering on that gulf. 


Every British ship before registry must be surveyed by a Board of Trade Surveyor who measures 
her tonnage in accordance with the regulations, and prepares a form giving dimensions, details of 
tonnages, displacement, engines and boilers, and the certification of draught marks. This form, 
together with a statement giving certain particulars of crew spaces, are delivered to the Registrar of 
Shipping before registry. 

Before a ship can be registered, it is necessary for a Board of Trade Surveyor to inspect and check 
the draught marks, which are cut in on each side of her stem and sternpost in Roman capital letters, 
or in figures, not less than six inches in height, and painted white or yellow on a dark ground, or on a 
light ground in black letters. 

An application to the registrar must first be made by the person or representative of the persons 
desiring to be registered as owners, who must make a declaration of ownership, stating his qualifi- 
cations to own a British ship, when and where the ship was built, the number of shares (in one sixty- 
fourths) which entitle him to be registered as owner. He must give the name of the master, and in 
addition when a ship is first registered, he must produce the builder’s certificate containing a true 
account of the proper denomination and of the tonnage of the ship as estimated by him, and of the 
time when, and the place where, she was built. If there has been any sale, then the bill of sale under 
which the ship, or a share therein, has become vested in the applicant for registry must be produced 
for the inspection of the registrar. 
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When the necessary information from the Board of Trade Surveyor is in the hands of the registrar 
and the application and statements of the prospective owner are in order, then a carving note is issued 
giving the ship an official number and on which is stated the net registered tonnage, also the port of 
registry (the port to which she belongs). The owner transmits the carving note to the builder who 
cuts the official number and registered tonnage on the main beam of the ship (usually at the after end 
of the main hatchway at the fore side of the bridge), marks the name on each side of the bow, and her 
name and the port of registry on the stern in letters not less than four inches in height. 

After the surveyor is satisfied that the conditions are complied with, he signs the carving note, which 
is transmitted to the registrar. The registrar then proceeds to enter the following information in the 
Register Book, viz. :— 

(a) The name of the ship and the port to which she belongs. 

(d) The details comprised in the surveyor’s certificate. 

(c) The particulars respecting her origin stated in the declaration of ownership, and, 

(d) The name and description of her registered owner, or owners, and if there are more 
owners than one, the proportions in which they are interested in her. 


When the registry is completed, the registrar grants to the owner a certificate of registry giving 
the same particulars as entered in the Register Book with the addition of the name of the master. 

The following documents are retained by the registrar, viz.:—The surveyor’s certificate, the 
builder’s certificate, any bill of sale previously made, and all declarations of ownership. 

If a vessel is incorrectly marked, she is liable to be detained, and heavy penalties are enforced if 
the marks are concealed, defaced or altered. 


SECTION VII—PORT AND DOCK DUES. 


The subject of tonnage measurement is one of vast importance to, and is intimately associated with, 
the interests of the dock and harbour authorities in this country. Considerable improvement in the 
facilities for loading and unloading vessels at the various ports in Great Britain have been made in the last 
ten years. There has always been keen competition between dock and dock or port and port. Any 
alteration to the tonnage laws might seriously interfere with the standard scale of charges at the various 
ports, and would probably be resented by the dock and harbour authorities as tending to cause confusion, 
expense, and difficulty in readjusting their financial position to suit any new system of tonnage. Ships 
are measured for tonnage for the definite purpose of registration, and to provide a basis for the collection 
of light dues and charges for pilotage. The port and dock authorities are not, therefore, bound legally 
to base their charges on a particular tonnage. The tonnage as given on the ship’s register provides a 
ready means for the assessement of dues. 

It is of interest to give an extract from the report of the last Royal Commission on Tonnage in 1881, 
which relates to the result of the wide investigation made in the working of the various docks and ports, 
and the wealth of evidence given by representatives before the Commission. It is as follows :— 


“These facts seemed to show beyond controversy that no change ought to be made in the 
tonnage laws such as would have the direct and immediate effect of increasing the taxation on 
British shipping both at home and abroad, especially as such taxation would go chiefly to dock 
companies, which could increase their charges on the present tonnage unit, if either equity or 
the competition of other docks permitted such an increase to be made. 

“ Moreover, it was strikingly observable that nearly all the dock authorities seemed to prefer 
steamer business, notwithstanding the low net registers imposing an apparent disadvantage on 
them. . . . It was consequently evident that no serious ground of complaint existed, and the 
most important dock witnesses admitted as much.” 


Steam vessels remain in harbour or dock for a much shorter period than sailing ships, but their visits 
are more frequent. Vessels of the home-trade type pay very largely in dues in spite of their comparatively 
small tonnage. Hence the great desire of shipowners to keep the net tonnage of their vessels down to 
the very minimum permitted by the regulations. Steamers pay a smaller amount for tonnage in 
proportion to their size, when compared with sailing vessels. Modern cross-channel steamers are fitted 
with high-powered machinery, and they therefore usually obtain the 13 allowance for propelling-power off 
their gross tonnage. 


a. 
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The weight-carrying power of sailing ships is about one-third more than their net register. The 
register ton represents about 27 cwt. of cargo in sailing ships, and about 40 ewt. in the case of steamers. 

Supporters of alteration to the basis of dock dues suggest that more attention should be given to the 
question of time and space occupied by ships for “services rendered,” rather than the present basis of 
“assumed profits,” with some better adjustment to meet the cases of the fast and intermediate passenger 
liner and the ordinary cargo boat. 

The amount of tonnage dues received by the port authorities varies in the different districts. In 
one port it may be only 13 per cent. of the total revenue and in another it may be as much as 50 per cent. 

The revenue of the various authorities controlling the river, harbour or canal traffic is made up from 
tonnage or ship dues, pilotage dues, warehouse and graving dock charges, labourage and the use of cranes, etc. 

The tonnage dues are charged on the net register tonnage of the ship, the charges for the use of 
graving docks are made on the gross tonnage, warehouse and labourage rates are charged on actual 
weight and specie of goods. 

Ships coming to one port from another for fitting-out purposes are sometimes charged on their gross 
tonnage. 

There appears to be no uniform system for the payment of tonnage dues, some authorities charge 
ships on entering and again on leaving the port; others charge the ship on the inward or the outward 
rate, whichever may be the higher, the rate varying according to the distance of coming from or going 
to port of destination ; while others charge on the inward voyage, but when a ship does not discharge at 
the port, she pays on the outward voyage only. 

Throughout the Continent of Europe all dues and charges for the use of dry docks, pontoons, and 
slips are based on the gross tonnage of the ships. 

The following countries assess all harbour dues on the net register tonnage of ships, both foreign 
and home, viz.: The United States of America, France, Italy, Germany, Norway, Sweden, Denmark, 
Finland, and Belgium. 

All vessels entering Spanish ports pay the various harbour dues on the amount of cargo loaded or 
discharged, ¢.g., if a vessel enters with 4,000 tons of cargo and discharges 2,000 tons at a Spanish port, she 
pays the dues on 2,000 tons. In the case of a vessel loading 3,000 tons of cargo, she pays dues on 3,000 
tons. The net and gross tonnages do not affect harbour dues. 

All vessels trading to Holland pay harbour dues on their gross tonnage, 7.e., one ton being equal to 
2°83 cubic metres. 


SECTION VIII.—LIGHT DUES. 


Lighthouse authorities are empowered by the terms of the Merchant Shipping Act of 1894 to levy 
dues for the maintenance of lighthouses, buoys or beacons under their management. 

These are known as light dues. 

Tables of all light dues and a copy of the regulations in force are posted up at all custom houses in 
the United Kingdom. ‘The dues are collected by the custom officers and paid over to the general 
lighthouse authority, by whom they are appointed, and remitted to the General Lighthouse Fund. 

Failing the payment of light dues, the collecting authority has power to detain ships. 

Colonial light dues are also levied in all British possessions, collected locally and paid in to the 
General Lighthouse Fund. 

Certain ships are exempted from the payment of light dues, viz. :— 

His Majesty’s ships. 

Ships belonging to other Governments. 

Sailing ships (not being pleasure yachts) of less than 100 tons, and all ships (not being 
pleasure yachts) of less than 20 tons. 

Vessels (other than tugs and pleasure yachts) when navigated wholly and Lona fide in ballast, 
on which no freight is earned and without passengers. 

Ships putting in for bunker coal, stores, or provisions for their own use on board. 

Vessels for the time being employed in sea fishing or in sea fishing service, exclusive of 
vessels used for catching fish otherwise than for profit. 

Ships putting in from stress of weather, or for the purpose of repairing, or because of 
damage, provided they do not discharge or load cargo other than cargo discharged with a view to 
such repairs, and afterwards reshipped. 
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The following additions have been made since the introduction of the Act in 1898 :— 


Order in Council, dated 4th July, 1908. 


Under this Order sailing yachts of and above 5 tons registered shipping tonnage which are not 
registered in the British Islands, and which come into territorial waters adjacent to the United Kingdom 
with the sole object of taking part in yacht racing, are exempt from the payment of light dues, so long as 
such yachts are coming into, remaining in, or leaving such territorial waters solely in connection with 
racing, and hold a certificate in a form approved by the Board of Trade. 


Order in Council, dated 80th July, 1919. 


Under this Order ships belonging to His Majesty’s or to another Government, if carrying cargo or 
passengers for freight or fares, are made liable for the payment of light dues as from 1st January, 1919. 


The definition of a ship given in the Merchant Shipping Act includes every description of vessel 
used in navigation not propelled by oars. A hopper barge used for dredging, having a bow, stern and 
rudder, but not furnished with any means of propulsion, being of a class which is always towed, has been 
held to be a ship within the meaning of the Act. 


The scale of payments for light dues as set out in the second schedule to the Act of 1898 is as 
follows :— 
1. One penny per ton per voyage for home trade sailing ships. 
2. Twopence farthing per ton per voyage for foreign-going sailing ships. 
3. One penny halfpenny per ton per voyage for home trade steamers. 
4. Twopence three farthings per ton per voyage for foreign-going steamers. 
5. An annual payment in the place of payments per voyage of one shilling per ton for tugs 
and pleasure yachts. 


Since the War this scale of dues has been increased, viz. :-— 


As from the 1st January, 1919, an increase of 40 per cent. 
As from 1st April, 1920, an increase of 100 per cent. 

As from 1st October, 1922, an increase of 70 per cent. 

As from 1st April, 1928, an increase of 40 per cent. 

As from Ist October, 1928, a decrease of 20 per cent. 


There are certain limits allowed, beyond which ships are not required to pay light dues :— 
(a) Home-trade ship, not more than ten voyages in one year. 
(6) Foreign-going ship, not more than six voyages in one year. 
No steamer is required to pay more than one shilling and fourpence halfpenny per ton, and no 
sailing ship is required to pay more than one shilling and a penny halfpenny per ton in any year, 


For the purpose of levying these light dues, the ship’s registered tonnage (net tonnage) is reckoned 
as the standard for all registered ships, with the addition of any spaces occupied by cargo on the deck. 
(Reference to deck cargoes is made in detail in the section dealing with exempted spaces.) 

In case of unregistered vessels, the tonnage is that which is computed in accordance with the 
Thames measurement adopted by Lloyd’s Register. 


The dues are collected at the port where the ship loads or discharges. 


SECTION IX.—PILOTAGE. 


A Departmental Committee of the Board of Trade was appointed in July, 1909, to investigate and 
report on the administration of the law relating to piloting in the United Kingdom, and following the 
enquiry of this Committee the Pilotage Act of 1913 became law on the 1st January, 1918. 


Every ship (other than an excepted ship) while navigating in a pilotage district in which pilotage 
is compulsory for the purpose of entering, leaving or making use of any port in the district, and every 
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ship carrying passengers (other than an excepted ship) while navigating for any such purpose as aforesaid 
in any pilotage district (whether pilotage is compulsory or not compulsory in that district) shall be either 


(a) Under the pilotage of a licensed pilot of the district. 

(+) Under the pilotage of a master or mate possessing a pilotage certificate for the district 
who is bona fide acting as master or mate of the ship. 

The following ships are excepted ships :— 

(a) Ships belonging to His Majesty. 

(d) Pleasure yachts. 

(c) Fishing vessels. 

(d) Ferry boats plying as such exclusively within the limits of a harbour authority. 

(e) Ships of less than 50 tons gross tonnage. 

(f) Certain home trade ships, ships trading coastwise and other ships whose course of 
navigation does not extend beyond the seaward limits, if not carrying passengers, may be 
exempted from compulsory pilotage, the local authority having the power under the Act to make 
such exemptions if it so chooses. 

(g) Tugs, dredgers, sludge vessels, barges and other similar craft are exempted from com- 
pulsory pilotage if they belong to or are hired by a dock, harbour or river authority. 


The earliest form of pilotage organisation in this country consisted of the establishment in various 
maritime centres of guilds of pilots, which were eventually incorporated by Royal Charter under the 
title of “Trinity House” of the local port or district. 

Owing to municipal and private enterprise various other pilotage authorities have been instituted 
in various centres and we now haye to-day (a) Trinity House, (¥) harbour authorities, (¢) municipal 
corporations, (d) pilotage boards, trusts and commissioners. 

The purpose of the Act of 1913 was to provide machinery whereby improvements could be made 
in the organisation of pilot authorities and to bring uniformity into their administration. 

Pilotage dues in the London district are levied according to the distance piloted, and are based on 
the draught of the vessel and her gross tonnage. In respect of the outport pilotage districts under 
the jurisdiction of the Trinity House, dues are also levied according to the distance piloted. In the 
majority of these outport districts the dues are based on the draught of the vessel, but in the remainder 
they are calculated on the draught of the vessel and her net tonnage. 


SECTION X.—CONCLUSION. 


In conclusion, may I be permitted to express my thanks to colleagues in the London Office, to 
Surveyors in all the principal Home Ports, and to my colleagues in practically every country on the 
Continent, and to those in New York and Kobe, who have obtained information so willingly on my 
behalf. I also wish to acknowledge the assistance rendered by gentlemen outside Lloyd’s Register of 
Shipping, viz. :—Sir Cyril K. 8. Kirkpatrick, K.B.E., of the Port of London Authority ; Mr. Yamamoto, 
of the Japanese Mercantile Marine Bureau; Col. Gilbert 8. Szlumper, Docks and Marine Manager of the 
Southampton Docks of the Southern Railway; the Trustees of the Clyde Navigation; Mr. F. Brown, 
M.Inst.T., of the Great Western Railway Docks; the Belfast Harbour Commissioners; the Mersey 
Docks & Harbour Board; the Tyne Improvement Commissioners; the London and North Eastern 
Railway Company (Hull Docks); Mr. H. M. Gibson, the Manchester Ship Canal Chief Superintendent ; 
the Secretary of Trinity House, London; Mr, John Muirhead, O0.B.E., of Messrs. Lithgows, Ltd.; Mr. 
John Anderson, of Messrs. Scotts Shipbuilding & Engineering Company, Ltd.; Mr. A. T. Wall, 
O.B.E., A.R.C.Sc., Consulting Naval Architect; Mr. C. H. Grimshaw, of the Mercantile Marine 
Department of the Board of Trade; and Mr, A. Isakson, K.N.O., K.V.O., Stockholm, Sweden, of Lloyd’s 


Register of Shipping. 
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P APPENDIX A. 


EXAMPLE OF CALCULATION MADE FOR OBTAINING A SHIP'S TONNAGE UNDER THE MERCHANT SHIPPING 
Acts oF 1894-1907. 


Identification dimensions :— | Length Breadth Depth 
164°8 26°6 170, 
Length of Part I.:—21°8+2=10°9 x }=3°63 
Length on Tonnage Deck :—162°4 sf IL. :-—91°0+6=15°166 x $=5°055 
IIT. :-—49°6+4=12'4 x }=4°13 


Round of Beam="6 feet. 


Parr I. 
AREA 1 AREA 2 AREA 3. 
Feet Feet Feet. 
DEPTHS. Nil. 147 142 
Com. Int. 3°675 3°55 
bet. bths. aa 1225 1183 
No. of | Multi- | Bths Bth ~ Bths 
tha: pliers. Heat Products. Fe ee Products. | Fret, Products, 
1 z Nil. — 15°83 155 22°6 22°6 
2 4 = = 13°7 54°8 21°8 87°2 
3 2 a = 11°9 23°8 21:0 42°0 
4 4 3 — 9°5 88°0 18°8 752 
5 1 s = 0-0 0-0 0-0 0-0 
131°9 227°0 
1:23 118 
162°237 267°860 
Part II. 
AREA 1. AREA 2, AREA 3. AREA 4. AREA 5 AREA 6. AREA 7 
Feet. Feet. Feet. Feet Feet. Feet. Feet. 
DEPTHS. 127 11°95 113 10:9 10°8 10°9 113 
Com. Int. 3174 2-987 2-825 2°725 27 2°725 2-825 
bet. bths. 1:058 “995 “941 “908 9 “908 “941 
No. of| Multi-| Bths.| Pro- | Bthe.| Pro- | Bths.| Pro- | Bths.| Pro- | Bths.| Pro- | Bths.| Pro- | Bths.| Pro 
bths. | pliers. | Feet. | ducts.| Feet. | ducts.| Feet. | ducts.| Feet. | ducts.| Feet. | ducts. Feet. | ducts. | Feet. | ducts 
= = ial . bs 4 - 
1 1 22°6 | 22°6 | 24°8) 24°8| 25:0) 25°0| 25:1) 25°1) 25:1) 25:1) 25°1) 25°1 25'1| 25°1 
2 4 21°9| 87°6| 24°8| 99°2| 25°1|100°4| 25°3)101°2| 25°3|101°2 | 25°3 )101°2 | 25°3 |101-°2 
3 2 21°0| 42°0| 24°7| 49°4|) 25°2) 50°4| 25°5| 51°00] 25°5| 51°0| 25°5| 51°0| 25°3} 50°6 
4 4 19°5| 78°0| 24°0| 96°0| 25°2 100°8 | 25°5 |102°0| 25°5 |102°0| 25°5 100°0 | 24°7| 98°8 
5 1 111] 11°1) 17°7| 17°7| 19°7| 19°7)| 20°0| 20°0| 20°0} 20:0} 20°0} 20°0| 18°7| 18°7 
241°3 287°1 296°3 299°3 299°3 297°3 294°4 
1:06 10 “94 “91 “90 “91 "94 
255°778 287°1 278°522 272°363 269°37 272°363 276°736 


Part ITI. 


AREA 1. AREA 2. AREA 3. AREA 4. AREA 5. Cupic CONTENT OF 
eT al See eee | eee os EACH Part CaLcu- 
DEPTHS. 4 ret be sig om LATED BY SIMILAR 
——|-- oe METHOD AS BEFORE. 
Com. Int. 32 33 2875 2-775 
| bet. bths. 1-066 11 958 925 a 
|No. of|Multi-| Bths.| Pro- | Bths.| Pro- | Bths.| Pro- | Bths.| Pro- | Bths. | Pro- minh Phe 
bths. | pliers.) Feet. | ducts.| Feet. | ducts.| Feet. | ducts.) Feet. | ducts.) Feet. | ducts. 
1 | 1 | 25:5) 25:5] 25:2) 25°2| 248] 24:8] 21:1] 21:1] Nil | — 1 3,328 
. 2 4 | 25°7 |102°8| 25°83 |101°2| 28°8) 95:2) 17°3) 69°2) ,, — 
| 3 2 | 25°6| 51°2| 246} 49°2| 21°7| 48:4] 13°0| 26°0) ,, — 2 25,075 
) 4 | 4 | 246] 984] 22°1] 88-4) 18°7| 74:8] 9°6/ 884] ,, | — a | 
5 | 1 | 00] 00] 00] 0-0] 18:7] 187] 60] 60) , | — 3 10,492 | 
| ee Nis hans So 
277°9 2640 251°9 160°7 Total 
1-07 11 96 93 u.dk. signe 
297°353 290°40 241°824 149°451 
| 
Cubic feet. CALCULATION FOR PROPELLING 
Content of Open Forecastle (Exempted) ...| 2,319 PowER ALLOWANCE. 
Cubic feet. 
Boiler Space ... | 8,457 
Content of Break cee ae art | 9,247 
SS SS Engine Space | 4,074 
Content of Bridge (less stairs) 03 teee 14699 — 
ween Thrust Recess be! 357 
Content of Side Houses in Forecastle 235 264 | agi tt Wiig Redoas 8 
Content of Chart House Af ae ee 437 Light and Air «| 2,678 
I 
Total=155°75 tons. 
; 155°75 ates 
HATCHWAYS. Ber16 = 27 %, which is beyond the 
Tonnage=82'62. 4} per cent. of 582°2=2°66. 20 % limit and the deduction is, there- 
Excess added to gross=29°96 tons. fore, 1} x 155°75=272°56 tons. 


MERCHANT SHIPPING ACT, 1907. 


Tons. 
Gross Tonnage... ... ... «| 562°16 
Deductions under Section 79, 
viz :— 
1. Crew Space 39°53 tons 
75°09 
2. Other deductions 35°56 tons 


Remainder... ... ..- «».| 487°07 


Multiplier for percentage... “D5 
267°888 

Limit of All for pro- 
imit o owance for pro 967-89 


pelling Power 


DEDUCTIONS FOR CREW SPACE. 


DEDUCTIONS UNDER SECTION 79 OF 
MERCHANT SHIPPING AOT, 1894. 


Space. Tons. 


Master’s Accommodation ... .... 12°35 


Boatswain’s Store eee meee 757 
Chart Space... Mi ot Ree Rebel Bi 


Water Ballast—Fore Peak... ...| 11°27 


Porat Mei 3. i 86°56 


Occupants. Where Situated. Tons. 
Seamen and Firemen..) Lower Forecastle..| 22°71 
Ist and 2nd Officers...) In Bridge... 4°64 
Chief Engineer Below deck aft...) 3°83 
2nd Engineer ... ... & 3°83 
Mess Room ... ... + 4°52 

TOTAL... 39°53 
SUMMARY. 
‘oar Cubic 
Item. Tons. Rtatras: 


Under-deck Jonin's Sua oes RG 
Side Houses in Forecastle... 2°64 


Bridge =... wes ase ave} ©'16°99 


Brake, |..agne dive” mee Oe ay 
Ohart House fren ws «ee 4°37 


Light and Air Spaces ...|_- 26°78 


Excess of Hatchways  ...| 29°96 


Gross TONNAGE... 


| 
| 
! 267°89 


Propelling Power Allowance 


562°16 | 1590°91 


Crew Space Allowance .... 39°53 | +970°63 
Deduction under Sec. 79 ...| 35°56 


ReGisteR Net TONNAGE, 219718 620°28 
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APPENDIX B. 
CALCULATION FOR PROPELLING POWER ALLOWANCE TO OBTAIN THE LOWEST NET REGISTER 
TONNAGE, . 
NOTE.—The “propelling power” allowance is 1} of the actual engine room tonnage. 
PARTICULARS OF TONNAGE. Case 1. With nolL anp A CASE 2. SKYLIGHT ADDED FOR 
1 ADDED. L anp A=1'24 Tons. 

Under-deck ... Sfde es 888°95 Part Gross ... . 505°42 Part Gross ... ... «-- 506°66 
Side Houses in Forecastle 2°64 Hatchways ... 30°09 Hatchways ... ... «+. 30°09 
BYidg6..3.) diese bent eo ee LOO 
Break ... v6. se see 92°47 Gross ... . 585°51 Gross --- 586°75 
Chart House ee Ree Bae yy F 


Propelling Power 


. 225°70 Propelling Power —_... 227°87 


| 50042 Deductions ... 75°09 Deductions... ... ... 75°09 
| Total Deductions.. 800°79 Total Deductions.. 302°96 
Actual Hatchways ... 82°62 | Tons Net Jas DBA? Tons Net ... ... 233°79 


Actual Engine Room... 128°97 


Case 3. ENGINE AND Borer CASING 
AND SKYLIGHT ADDED FoR L AND A= 
28°02 Tons. 


ParwGross) tes Yees | wera eae DOO 

Hatchways) t-24 ec, | oe eee te 

GYORS oy. waneees bios ROU DIDS 

| Deductions for Sec. 79... ... 75°09 
488°30 


55 % for P.P. (limit)... 268°57 
75°09 


Total deductions ..- 9$48°66 


TRONS NCEA .t.camdeecdpee LOAD 


Actual P.P.=128°97 + 28°02= 
156°99 x 13=274:73 


Crew Spaces and Sec.79 75°09 55 96 Limit for P. 


P. =2538°23 55 % Limit for P.P. = 253°96 


*Casg 4. ENGINE AND Borner Casina 
ADDED FoR L AND A=26°78 Tons. 


Part Gross, pipe Pst Re) bas pDeoeO 
Hatchways) 7s: 92.. -<. f. | 29°96 
GrOR in oa eset eee ee DOLELO 


Deductions for Sec. 79... ... 75°09 


487°07 


55% for P.P. (limit)... 267°89 
75°09 


‘Total deductions wy Lose aS 


Tons iNebiuess ase bebce LOLS 


Actual P.P.=128°97 +-26°78= 
155°75 x 1$=972'56. 


* Used in computation for tonnage. 


Let 7 = light and air to be added to give the lowest possible net tonnage. 
Gross = 505°42 +/+ [32°62— (50542 +/)005 ] =505°42 + 30°094+°995 1=535°51 +°995 1. 
PROPELLING PowEr.—A = (128°97 +1)1'75=225°70+1°75 /. 
or B = (35°51 +°995 1—75-09)°55=253'23 +°547 1. 
Nur TonnaGe.—A = (535°51+°995 /)—(225°704 1°75 14+-75°09) =284°72—"775 1. 
or B = (535°51+'995 1) —(258°23 +°547 14+75°09)=207°19 +°448 /, 


A(284°72—'755 1)—B(207°19 +448 /). 


For A and B to be equal 1°203 1=27°53 
1=22°8 tons. 


PCC 
EEE 
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AppEenpix C, 


MLLER TELL ITE LIT ELUTE TTTT 


BORER MERA R RRS SS IES SSSSSSS2E CSC aaa ee 


Oo 


13°0 and 


The proportions vary from L/D 


SH 
NIN 


0 per cent. erections. 


oa 


Dracram I. 
THE RELATION BETWEEN SHIPS’ DIMENSIONS AND TONNAGE. 


The steamers represented above are the full-scantling three island type with 


B/D=1'65 in the 500 feet ship to L/D=12°5 and B/D=1 8 in the 200 feet ship. 


TTTRTTTETITE TUTE el ai al 


LETTE 


Eu 


% TONNAGE DEPTH 


STEAMER WITH 2 COMPLETE DECKS AND ERECTIONS AGOVE(TONNAGE OPENING IN 
SUPERSTRUCTURE DECK) 


“eS SS 
STEAMER WITH 2 COMPLETE DECKS AND LOWER OECK (NOT CONTINUOUS). 


SINGLE+ DECK STEAMER WITH FCLE: BRIDGE AND R.Q-0. 


PART-AWNING DECKSTEAMER WITH RAISED QUARTER ANDO FORE DECK 
Diagram II, 


+ HATCHWAY 


hs LIGHTANCAIR 


p Sucnranoain | LIGHT ANOAIR 


a ' 
ALLOWANCE 


@ MACHINERY SPACE 
; 
TONNAGE DEPTH 


KC 
SELL SS Se! eee rE a a eae Se 


— ELEVATION — 


RTABLE 
H.EXEMPTED FROM TONNAGE wei ue ow 


X.EXEMPTED UPTO 2% OF GROSS 


©.1NCLUDED AND DEDUCTED FROM GROSS 


WIRE ROPE THROUGN EVE-BOLTS SECURED 
AT ENDS BY HEMP LASHINGS . 


—ELEVATION— —— SECTION OF TONNAGE OPENING — 


B.sureicieNT L AND A INCLUDED IN 
MACHINERY SPACE, REMAINDER EXEMPTED. 


— PLAN OF TONNAGE DECK— 


° ° 


preg 4 © SCUPPER 
He 
-—— EXEMPTED Space 


eR 


OL 


DraGrRamM III. 


Diagram LY, 
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mn EXTREME LENGTH one | 
Ls--—— REGISTER OR IDENTIFIGATION LENGTH é ‘ 


—FIG:I- 


Se] — PLAN - 
TONNAGE Decy . -FIG.2- : 
¥ =e mee Tome 
YoRof eam 


1 
= 
a 
°o 
o 
i 
gz 

| 


-— TONNAGE IBREADTH ———- 


| | 
~~ IDENTIFICATION O8 REGISTER —: 


—F1IG.5.- 


Diagram Y, 


DISCUSSION ON Mr. E. W. BLOCKSIDGE’S PAPER 


ON 


“THE REGISTER TONNAGE OF SHIPS.” 


INTRODUCTORY. 


In the absence of the President, Mr. W. Watt occupied the chair. 

In opening the proceedings the chairman extended a hearty welcome to Captain C. C. Plunket, the 
Society’s representative at Auckland, N.Z., who interrupted his holiday in order to be present at the 
meeting. 

Captain Plunket, in replying, expressed the pleasure he felt in being present at a meeting of the Staff 
Association at headquarters. He thanked the Association for sending copies of the transactions so 
regularly, and spoke very feelingly of the great benefit he had derived from a study of the papers, many 
of which had helped him in those difficulties which so frequently arise when one is stationed at far distant 
ports, and out of touch with modern ideas and methods. Home surveyors, in taking part in the 
discussions were not only helping the Association, but were conferring a great benefit on their colleagues 
abroad in helping them to perform their duties more efficiently and, consequently, with greater credit to 
the Society. 


Str Westcott ABELL. 


Tonnage is a very dry subject for the ‘merry month of May,” and, as far as I can gather, is the one 
subject in connection with shipping regulations which has been least studied scientifically. The general 
tendency of tonnage regulations seems to be directly opposed to seaworthiness. The naval architect is 
always striving for the latter and is always hindered by the former. While much consideration has been 
given to questions of safety of life and property at sea, yet tonnage has been left severely alone, and has 
been largely at the mercy of harbour and dock authorities, who have no interest in the operation of ships 
at sea. 

However, the International Shipping Conference which met last week has taken a definite step 
forward towards the production of common measurement. They have proposed that, what I term, a 
“tonnage passport” should be made out, which passport will contain all measurements necessary for the 
obtaining of tonnage according to any system of measurement whatever. This passport will be simply a 
record of geometric measurements which will be accepted by all authorities concerned, and from this pass- 
port they each make up their various proposals for tonnage assessment. 

In order to bring this about it will be necessary to agree on a system of measurement and on the 
method of measurement. As regards the system, I think everyone is agreed that the Moorsom method is a 
suitable one. It will only be necessary, therefore, to define the method in which the various limiting 
dimensions shall be ascertained. 

As this document is for universal international acceptance, it may happen that Lloyd’s Register may 
be regarded as a competent authority for this purpose, as it has no direct connection with physical or 
commercial matters. It does not seem to me that there would be any objection to the Society furnishing 
such a passport. However, I think it will be some time before this can come about. 

When this matter has been decided, attention will naturally be directed to the question of allowances. 
The allowances for machinery spaces and fuel are at present rather out of date. For instance, it seems a 
hardship for a motorship to have to build a larger machinery space than necessary, in order to obtain the 
same allowance as a steamship. On the other hand there is the carriage of oil fuel in double bottom 
tanks, which ordinarily are not measured in the tonnage. It seems necessary, therefore, in some way or 
another, to regularise the whole question of propelling and fuel allowances to allow for all forms of fuel 
and machinery. 
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The second point which calls for attention is the question of exempted spaces. Mr. Blocksidge deals 
with this question very fully, and, in his own words, “ here we come up against the whole problem of 
tonnage assessment.” The question of exemption depends on legal decisions which attempt to give a 
physical definition of a permanently enclosed space. That the legal decisions are ridiculous is shown 
by the examples that Mr. Blocksidge gives of the closing of openings, and in this connection the 
comparison between Figs. 7 (a) and 7 (%) seems a rather striking one. The Freeboard Committee of 
1913-15 attempted to define a permanently closed space, and to say that unless a space was so closed it 
should not have the full freeboard allowance. It was argued, however, and rightly, that the question was 
not one of freeboard but of tonnage, and that it really required an amendment of the tonnage decisions ; for 
this reason the correct definition of the tonnage Taare been deferred until the tonnage requirements 
are themselves amended. 

On the other hand the canal authorities have practically, by one means or another, had included the 
whole of the spaces measured for tonnage. The Panama Canal authorities include them anyway, and the 
Suez Canal include them when once they have been found to have carried cargo in such spaces. 

As the Chairman anticipates, there will probably be a very full discussion of this very vexed question, 
and therefore I have confined my remarks to those of a very general nature. I think, however, that Mr. 
Blocksidge is to be thanked for the service he has rendered to his colleagues, such service involving a 
considerable sacrifice of his own leisure. Such service is very necessary to the world at large at the present 
time, when an endeavour is being made to straighten out the whole of the regulations affecting the sea 
interest. 


Mr. J. S. Ormiston. 


The Register Tonnage of Ships which the author has chosen for the subject of this paper is one 
which seems always to have been an appropriate subject for much discussion, arising most probably from 
the interests involved, and also from the complicated nature from an administrative point of view of 
tonnage regulations. The latter state of things seems always to be an inevitable result of making rules 
or regulations of any kind, and in addition making them legislative as is the case with tonnage measure- 
ment rules. Legislative rules are looked upon generally, and naturally enough, as rules to be evaded or 
“got round” somehow or other. ? : hae! j 

The author is to be congratulated on the effort set forth in this paper, in which in considerable 
detail he describes the rules for measurement of ships for tonnage. The carrying out of these forms one of 
the most important daily duties of a Board of Trade Surveyor, which post, the author and I have had the 
honour and experience of filling for a few years. 

The author commences by enumerating some principal definitions in connection with tonnage, and 
here he extends, as it appears to me, the use of the word tonnage beyond its usual applications as for 
example—freight, displacement and deadweight tonnage. Tonnage, as the author elsewhere points out, 
means capacity, and I think the word should be limited in use to this. I should like to ask the author the 
origin of 1 ton being represented by 40 cubic feet for freight. _Now-a-days 50 cubic feet is a more or less 
generally accepted standard for cargo. Certainly divisions such as 36 have been used in the past as a 
measure of the burthen capacity of a commercial or merchant ship, but this would seem to have been 
superseded by a higher unit. d 

On page 8 the author states that the 100 division for tonnage measurement is not a measurement of 
weight but of roomage. Generally speaking this is so, but if the average density of the cargo happened to 
be 100 cubic feet per ton—as it is with some cargoes—then the divisor would apply as a weight divisor. 

In defining tonnage length on page 12, the author says that strictly speaking this is the straight 
length, and at the bottom of the page says it is measured on the upper surface of the ship. The latter is 
in strict accordance with the wording of the Tonnage Act and the instructions issued by the Board of 
Trade. These say that “the length at the tonnage deck, in all vessels of usual shear, is to be taken on the 
upper surface of the vessel at such a parallel distance from the middle line of the ship as to clear the 
several hatchways and other obstacles that may present themselves.” At the end the instructions go on to 
say that at a convenient point the foregoing measurement is to be squared into the middle line and the 
measurement thus completed. A footnote refers to the case of Dutch galiots or doggers, which have 
unusually large shear, for which the length is to be taken in a straight line. Thus for vessels of 
usual shear where the difference would be negligible the strict rule is measurement on the upper surface of 
the tonnage deck. On the same page the author states the tonnage deck must be a complete deck fore 
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and aft, but at the same time I think attention should be drawn to the fact that in the case of a raised 
quarter deck vessel the tonnage deck is the upper deck imagined extended aft and the tonnage of the 
space between this and the raised quarter deck or break, as the Act describes it, is the subject of separate 
measurement. 

On page 13 the author makes reference to the measurement adopted when “hipped” tanks are fitted. 
Here the tonnage rules indulges in super-accuracy, in measuring separately the wedge part between the 
middle line of the margin plate of the double bottom. So far as I can see, the author does not refer to the 
fact that in the case of a vessel with ordinary open floors hipped, and such cases are quite common enough in 
small raised quarter deckers of 180 to 240 feet in length, the bottom ordinate is zero. Here no accuracy 
is obtained. [remember one such case in which, owing either to fault in erection or in ordering of 
material, or possibly both, the rise in the floor tops certainly was not perceptible, and until I got the 
loftsmen to measure carefully in my presence, that there was actually some rise, the builders had some 
anxious moments, 

The author very truly says on page 15, that the subject of exempted spaces is the crux of the whole 
problem of tonnage measurement. Undoubtedly this is so. : 

There should be no exempted spaces, except possibly those parts of light and air casings not included 
in the engine room measurement. All spaces should be first included, and then if non-earning in nature, 
they may be deducted on their merits. Such a basis for measurement would seem to be the onl sound 
one, and it would lead to considerable simplification in work for those whose duty it is to measure ships for 
tonnage, 

In this respect the Suez and the Panama measurements are distinctly an advance on the British 
system, but even in these there are confusing regulations for exemption and deduction. 

In describing rules relating to propelling power allowance on page 18, I would suggest to the author 
that he should add a diagram showing the step in the propelling space allowance caused by the 32 per 
cent. allowance when the propelling power space is above 13 and under 20 per cent. of the gross tonnage. 
This would show that when the space is 13 per cent. of the gross tonnage, the allowance is 32 per cent. or 
2°46 times the propelling space, while at 20 per cent. it would be only 1°6 times the propelling power space 
while the remainder of the diagram is on the 1°75 line. 

Returning to the problem of tonnage measurement of deck superstructures. The exemption of such 
spaces as per present legislation is undoubtedly at fault. 

The author on page 25 at bottom, sets forth some proposals for tonnage measurement which have 
been made. Each of these appear to have merits, although I donot see that the author suggests which in 
his opinion is the most suitable. 

I think in tonnage measurement for the purpose intended, that we must take account both of 
draught, i.e., of deadweight, and also of the external dimensions of the vessel jointly, or by addition. 

One factor should, it seems to me, take account of the general principle, that the greater the draught 
the greater, on the average, the percentage profit or earning capacity. I can well imagine that of course 
a light draught vessel might, on any particular voyage, carry as precious and as profitable a cargo as a full 
scantling vessel would carry, but the foregoing principle seems to me to be general. The second factor, I 
would suggest, is that ‘services rendered” should be considered. ‘These are dependant, generally speaking, 
on length of vessel, 7.e., length of quay used along with breadth and depth of the ship. 

Thus commencing with a flush deck I would suggest internal measurement as at present but for deck 
superstructures including complete superstructures a modification by means of coefficients depending on 
relation of increase in draught. Finally, if we imagine a full scantling vessel of the increased depth the 
measurement would be up to this increased depth as for lower part of the vessel. 

It does not seem reasonable that the same divisor be used for deck superstructures as for the parts 
under the tonnage or upper deck for which greater draught allowances are allowed. 

In conclusion, referring to table on page 21, I find on working out ratio deadweight to net in the 
cases given that this ratio is at the peak at 300 foot length of vessel and at 400 feet has fallen considerably. 
It is a little surprising to me that the deadweight should vary as shown by equation on top of page 22. 
For similar vessels I would have expected a higher power than 1°6 notwithstanding that breadth depth 
ratios get less as we go from smaller to larger ships and perhaps the author might give us an explanation 
thereon. 

I wish to congratulate the author on his excellent paper. 
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Mr. S. TowNsHEND 


Mr. Blocksidge, in this very able and instructive paper, throws much light on the obscure and 
involved tonnage regulations. As the author has in the course of his career been associated with the work 
of tonnage measurement he is specially qualified to deal with the subject and the Association is fortunate 
in having the benefit of his experience. 

There are some very peculiar anomalies in the tonnage regulations and the author shows clearly the 
conflict which rages between these regulations and the freeboard rules, especially in regard to the closing 
appliances in the end bulkheads of erections. 

It seems strange to me that the second deck from below should be taken as the tonnage deck ; two 
large ships, identical in all respects except that one might have an extra deck, could have very different 
under deck tonnages and the impression might be formed that their sizes are different. 

The tonnage rules definitely state that double bottom spaces can be exempted from measurement 
provided they are not available for the carriage of cargo, stores or fuel. How is it then that oil fuel can 
be carried in the double bottom tanks all fore and aft without these spaces being measured ? 

Would the author say how many thicknesses of shell plating are taken in measuring the registered 
breadth. In ships having no tumble home is the registered breadth measured in way of the sheerstrake or 
in way oa the side plating? Is any difference made in the registered breadth if the shell landings 
are joggled ? 

Under “Gross Tonnage,” on page 14 (4th paragraph), the author states that “All enclosed spaces 
above the tonnage deck are measured and included in the gross tonnage.” This does not appear quite 
correct. Certain spaces are exempt from inclusion in the gross tonnage, and these spaces are referred to 
at the bottom of page 17. : 

When a tonnage opening is fitted in the deck, would the author say what is the recognised maximum 
distance of the guard stanchions from the coaming. 

The tables and curves showing the relation between tonnage and deadweight will be useful for 
ready reference, though it is recognised that no consideration is given to breadths and depths other than 
normal. If greater accuracy is desired the cubic number and displacement coefficient could be used. 
For ships of the three island type, 40 per cent. to 50 per cent. covered by erections, the gross tonnage 
can be found by multiplying the ‘‘ cubic number” by the displacement coefficient. For ships 90 per cent. 
covered, the cubic number should be multiplied by the displacement coeflicient, plus 05. (Norg.—The 
cubic number is the product in feet of the length between perpendiculars, the breadth moulded and the 
depth moulded, divided by 100). 

For modern cargo steamers the ratios of deadweight to gross tonnage given in the last column of 
the Table on page 21 are a little on the low side, and probably more accurate ratios would be :— 


1:70 for the 350 foot ship. 
165 iy 00) - 
150 » 400 ” 


As pointed out by the author Diagram I. shows that in larger ships the deadweight does not increase 
in the same proportion as in smaller ships. I think the reason of this is that the freeboards of large 
ships are not increased in proportion to the increase in their size. It appears to confirm the view that 
some reduction could be made in the freeboards of large ships without prejudicing their safety. 

When working out tonnages in the designing or calculating office, a good deal of time can be spent 
in trying to arrive at the exact amount of light and air space which should be included in the measurement 
in order that the gross and net tonnages should be as small as possible. 

Simple formule for determining the amount of light and air space are as follows :— 

Let T=Gross tonnage, less light and air space and less crew space, etc, 
M=Actual machinery space, excluding light and air, 
S=Gross tonnage, less light and air space, 
1=Machinery light and air space. 
Then, where large engine rooms are fitted and the 55 per cent. restriction is to be applied :— 
1 must be less than +458 T’— 1°458 M. 

Where the actual machinery space is under 13 per cent. of the gross, the minimum amount of light 

and air space which must be included in order to obtain the 32 per cent. allowance is *15S — 1°15 M. 
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Where the actual machinery space is between 13 per cent. and 20 per cent. of the gross tonnage, the 
amount of light and air space which must be included in order to bring the total machinery space over 
20 per cent. should not be less than *25 8 — 1°25 M. 

The foregoing formule would need some slight modification when there is an allowance for excess 
hatchways, but it is obvious that the formule are simple to work, and even if excess of hatchways be 
ignored, they would be sufficiently correct for all practical purposes. 

A curious clause appears in the Instructions to Surveyors relating to tonnage measurement which 
has frequently puzzled me. _I refer to the measurement of spaces on the upper deck where it says: “ In 
deciding whether or not deck erections should be measured and added to the tonnage, the surveyor should 
have regard to the character and structural condition of such erections at the lime when they are presented 
to his nolice.” Now a ship is usually presented for tonnage measurement once, and once only, when 
nearing completion in the builder’s yard. An erection might be presented to the surveyor with openings 
entitling the space to be exempted from inclusion in the gross tonnage and subsequently, when the ship 
is in commission, these openings might be closed. A surveyor could come on board and observe that a 
change had been made but, under this clause, would he be expected to notice it and report it? It seems 
to me that he could not be blamed for turning “‘ Nelson’s eye” to the change and saying nothing about 
it. I would suggest that rules and instructions should not contain open clauses of this kind behind which 
the administrators of the rules can take shelter in times of trouble. 

The author's definitions of the various lengths and tonnages are most helpful. A good deal of the 
controversy which arises as to the definition of light-weight is due to the fact that the owners idea of 
light-weight is necessarily different to the builders idea of the same thing. 

In the law cases quoted in the paper it appears that the legal mind fixes upon the actual wording of 
the regulations and cannot grasp the spirit of the regulations. This points to the necessity, not only 
of drawing up rules with the utmost care and precision, but also of investigating and exploring at the 
same time the possible effect of the rules on ships of unusual form and design. 

There is a natural tendency, when revising or drafting new rules to frame them to meet existing 
conditions only, and the question of adapting them to any unusual design or development is left over for 
consideration as and when such an emergency arises. 

Clever men may be chosen to draft rules but as soon as their work is completed, other men, just as 
clever, devote their time to devising ways and means of evading the rules. 


Mr. W. Tomson. 


The historical section with which Mr. Blocksidge introduces his paper is very valuable and instructive, 
enabling us, as it does, to follow in some degree the principles which have from time to time been accepted 
as the basis of measurement and the progress and development of ideas on this subject. Some time ago I 
me across some particulars of early tonnage measurement which may be of interest in association with 
this paper. 

i the time of Queen Elizabeth a simple tonnage rule was proposed 
Length x Breadth x Depth 

100 

This rule was used for the Royal Navy and appeared to be quite satisfactory to official circles. 

‘At that time, however, the Navy was very largely composed of merchant ships hired for the period of 
the war, and as payment was made on the basis of tonnage the shipowners of that period devised a system 
known as “Deadweight of Ton and Tonnage.” This was obtained by simply adding one-third or one- 
fourth to the “Tons Burden” as determined on the official basis. The dimensions used were length of 
keel, inside breadth and depth of hold. The method of tonnage measurement in use in Spain at the same 
time is given in the formula :— 


Tonnage = 


Beam 


5 x Depth x Length Overall) —ao 


: ee ee ee eS 
Tons Burden = 


8 
To obtain the corresponding “Ton and Tonnage” 20 per cent. was added to the “Tons Burden.” A 
comparison of these rules indicates that in comparing the vessels composing the Spanish and English 
Fleets, a deduction of from 25 to 45 per cent. must be made from the official tonnage of the Spaniards. 
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While the historical aspect of the subject is full of interest, the more important section of Mr. 
Blocksidge’s paper is that in which he describes the present day system of measurement with its compli- 
cated exemptions and deductions. The very fine distinctions between the spaces which must be included 
and those which are exempted have been very fully described by the author and a glance at the cases 
marked 7A and 7B in diagram IV is sufficient to account for the demand for revision of the existing 
regulations. The various proposals which have been made to secure revision and unification of tonnage 
measuremeut are set forth by Mr. Blocksidge in Section V., and of these proposals the most reasonable 
appears to be that the present system of exemptions and deductions should be entirely abolished. 

The principal use which is made of the assessed value of a ship’s tonnage is the fixing of dock and 
harbour dues, and as the expense in providing port facilities is very largely governed by the dimensions of 
the vessels accommodated the present artificial bases of determining the Register Tonnage is very unfair 
to owners of ships of the ordinary cargo type, which form the great bulk of the mercantile marine. I 
would suggest therefore that the gross tonnage should be measured to include all erections, and that no 
deductions should be permitted. 

The earning power of the vessel is really represented by its size and if a large machinery space is 
provided to ensure a high speed this is reflected in the passenger fares or cargo rates and does not 
constitute a reason why smaller harbour dues should be paid. 

Crew spaces are at present deducted, but it is diflicult to see why this should be so as the crew are an 
integral part of the ship as an economic machine. The regulations governing the area and cubic 
capacity of crew spaces are now framed on such a generous scale that the exemption of these spaces from 
tonnage measurement is not likely to lead an owner to increase the space devoted to the berthing of the 
crew. In any case, it is difficult to understand why the accommodation allotted to stewards and cooks 
should be deducted, as these members of the crew are not engaged in the navigation of the vessel, and 
re space occupied by them should certainly be reckoned as part of the revenue producing capacity of 
the ship. 

Similar considerations would apply to such spaces as deck shelters for passengers, since these must 
add to the attraction of a vessel for passengers, and the owner who provided extra comforts of this type 
would profit at the expense of his competitors who, with a view to reducing the tonnage of their ships, 
failed to furnish such shelters. 

Dock authorities must raise a certain proportion of their revenue from tonnage dues, which sum is 
not affected by an all-round increase in the tonnage of the vessels using their harbours, assuming the 
same vessels to use these harbours in succeeding years. The only difference would be in the allocation of 
this sum to different vessels. It is admitted that the incidence of the present system is very unfair to 
vessels of certain types, while others again pay much less than they should do under a more rational 
system of measurement. 

The time for a revision of the tonnage laws is long overdue, and if those owners who are at present 
being penalised, would become alive to the anomalies and injustices from which they at present suffer, 
there is no doubt that much could be done to devise a more equitable system than that at present in force. 


Mr. A. G. AKESTER. 


The subject of this paper carries most of us back to our apprenticeship days when tonnage estimates 
were required of us for ships under construction. 

Since then, unless favoured by a sojourn in the Board of Trade, one has had little need or cause for 
pursuing the subject further. There are occasions, however, when one wants an approximation between 
ships’ dimensions and tonnage and I welcome, therefore, section (gy) under this heading on page 21, which, 
together with diagram I., will, I think, prove very useful indeed. 

In fact, had this section been amplified—if only at the expense of one or two other sections, for I do 
not think the author could fairly be asked to give a more inclusive discourse—then to my mind the paper 
would have been more valuable even than it is. 

I notice that Mr. Blocksidge, when writing this section, was not forgetful of his Second XI., for does 
he not introduce cricket parlance into his speed of steamers—thus calling them “ fast,” medium” and 
“slow?” I must confess I am somewhat at a loss to know just what a “medium” pace steamer is, 
having been trained myself in the hard school of “ knots””—spelt with a “k.” 
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Diagram I. is very useful, but like most diagrams of this kind, although representing an average in 
itself, it is really only one of a very large series. 

I will leave it to somebody else, therefore, to request that the curves for complete superstructure 
vessels and those having tonnage openings be added to the printed record of discussion, but I should like 
to know to what extent the approximations given in the paper would require to be modified to suit oil 
vessels, i.e., vessels carrying oil in bulk. 

I had reason to require this information, some time ago, for varying sizes of oil vessels, and had 
considerable difficulty in obtaining accurate figures. Perhaps the author will be good enough to enlighten 
me on this point. 

I would join issue with those who have already criticised the formula for variation of deadweight with 
length of vessel, viz.: (Ia — 120)", the 1°6 power is not readily obtained on a slide rule. At first sight— 
and I say this advisedly, for easy equations to curves are not always possible—it would appear to me, 
however, that by modifying the constant somewhat, it might be possible to obtain a more convenient 

ower. 
2 The formula applies, I take it, to diagram I, (not V. as stated in the paper), and from this it is seen 
that deadweight increases per 20 feet of length by amounts varying between 400 and 1,000 tons from one 
end of the curve to the other. 

As deadweight embodies all three dimensions of a ship, it is evident that care will need to be exercised 
in applying a formula which only varies with one. 

I do not think the author quite makes out his case when he says that “the most economical cargo 
ship, from the point of view of carrying capacity with a low net tonnage, is round about 350 to 400 feet.” 
From the figures he himself gives on page 21, the size would appear to be rather between 250 and 350 feet, 
and there is a distinct falling off at 400 feet, but of course other considerations have to be borne in mind 
besides those indicated. 

On page 19 Mr. Blocksidge hints that the motorship is dealt with somewhat hardly under the rule 
for machinery allowance. Here are some figures in support of this:—a recent vessel fitted with motors, 
required a working space only 61 per cent. of the amount she would have required if fitted with steam 
engines, but, in order to get the full allowance under the regulations, this space had to be increased nearly 
10 per cent. 

PThe various sections on port dues, pilotage, &c., are of interest, but hardly call for comment. 

I should, however, like confimation of the statement on page 30, that the light dues for vessels are 
now some 20 per cent. /ess than the pre-war rate—this seems almost incredible. 

I have but one other little criticism, on page 27, under registration, it is stated that the owner of a 
ship must indicate the “number of shares (in one sixty-fourths),” owned by him. I have yet to own my 
first ship, but I think Mr. Blocksidge really means “sixty-fourths,” not “one sixty-fourths.” 

This paper indicates, at least, that the Staff Association, unlike some elevens, has no tail, and the 
author is to be congratulated on making this possible. 


Mr. W. Warr. 


Mr. Blocksidge is to be congratulated on contributing to our Association a most interesting paper on 
the subject of Tonnage. While the Society we represent is not directly associated with tonnage adminis- 
tration, except so far as it is the basis of certain fees, we are interested in every subject associated with 
the profession of naval architecture. Much has been written in recent years on the subject by parties 
who are directly interested in the question, particularly in relation to its effect on harbour and other dues, 
and the fear has been repeatedly expressed that any revision of tonnage, must inevitably affect adversely 
the interests of those who have to pay. It is surely not beyond the wit of man to devise a system of 
measurement which will give an accurate index of the earning capacity of any vessel, nor of the dock or 
other authorities to devise a modification in their scales of charges, which will ensure that the gross 
charges shall not be increased, while differentiating in a reasonable manner, as between ship and ship, or 
between type and type. ‘The old adage is still true, “ where there’s a will, there’s a way.” 

It must not be forgotten that there is no clause in the Merchant Shipping Acts to compel any 
authority to base its dues on official tonnage measurements. The measurements are made solely for 
registration and statistical purposes, and for the assignment of light and pilotage dues, 
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If the statutory regulations are wrong either in principle or in detail, there is nothing to compel any 
authority to accept them. The Suez and Panama authorities have exercised this freedom in framing 
regulations of their own, and in certain cases the authorities in this country have charged dues on tonnages 
other than those given on the certificate of registration. Since, however, most authorities have fixed on 
either the gross or net tonnage as the basis of their charges, and the fact is recognised by the Board of 
Trade, it is incumbent upon them to see that their regulations are at least consistent. Were the advisors 
of the Board free to frame or modify the regulations, there is little doubt that modifications would be 
made from time to time to keep pace with modern improvements in design. Unfortunately, the tonnage 
regulations and methods of measurement form an integral part of the Merchant Shipping Acts, and legal 
decisions as to the logical interpretation of words, have been allowed to play havoc with the intentions of the 
framers of the reculations, and a new Act, or amending Act, is required before the wording can be altered. 

In the case of freeboard, and subdivision, the Board of Trade is authorised to frame regulations, and 
to modify these regulations from time to time as may be considered necessary after consultation with the 
Advisory Committees, and it is suggested that if similar powers were conferred upon them in connexion 
with tonnage, the anomalies in the system would rapidly disappear. 

A familiar example of the domination of the legal over the scientific and practical is to be found in 
the “ Bear” decision, to which the author has referred ; a decision which is responsible for the chaotic 
condition of so-called deck or exempted spaces in modern tonnage measurement, by which a whole tween 
deck space may be exempted from tonnage measurement while still as suitable for the carriage of dry and 
perishable cargoes as any other compartment in the ship. It is safe to say that had the regulations been 
left in the hands of the Board of Trade instead of being incorporated in the Merchant Shipping Act, the 
anomaly created by the legal decision would have been removed with little delay. 

The author has called particular attention to a glaring case of tonnage evasion in diagram Ili. Can 
any reasonably minded man suggest that the dotted spaces in that diagram represent fairly the revenue 

roducing value of such a vessel ? The tonnage deck has no sheer, and the result is that this deck, which 
is also the freeboard deck, is in some cases within a few inches of the waterline, and if there is any trim 
in the loading of the vessel, the scuppers and the freeboard deck may be dangerously submerged. it is a 
condition of the exemption from tonnage measurement of a shelter tween deck space that a sufficient 
number of scuppers shall be fitted to discharge overboard ; storm valves may be fitted to such scuppers, 
but any permanent closing appliance will at once render the space liable to inclusion in the tonnage 
measurement of the ship. In view of the fact that the smaller vessels of this type are permitted by the 
regulations to load within a few inches of the tonnage deck, it would appear that tonnage exemption 
should only be granted when associated with a definite minimum freeboard in order to ensure the sea- 
worthiness of the ship. It is the usual practice to close the overboard scuppers with wooden plugs and 
provided these plugs are not permanently attached to the structure of the vessel, they do not appear to 
contravene the regulations by which the space is exempted from tonnage measurement, but they do prevent 
the efficient drainage of monk spaces. 

The Load Line Committee, 1913-15, recommended that the minimum freeboard should only be 
assigned when all spaces which were allowed for in the freeboard computation were permanently closed, and 
therefore included in the tonnage measurement of the vessel. This recommendation was intended for 
International agreement, but until such agreement is reached, both as regards freeboard and tonnage, it 
would be unfair to impose what would amount to a serious handicap upon the owners of vessels registered 
in the countries which adopted the agreement. 

The allowance for propelling power is a thorny subject. As you know, a deduction of 82 per cent. is 
made from the gross tonnage when the actual space exceeds 13 percent. The added allowance is intended 
to compensate for loss of cargo space consequent on the space which must be used for the stowage of 
bunker coal. The allowance takes no account of the length of voyage, and consequently on the amount 
of bunker coal carried, and to this extent is inequitable. Since the introduction of oil fuel and the 
internal combustion engine it has been contended that as the machinery space can be reduced in length 
without encroaching on the working spaces, the permissible space might be reduced to 11 per cent. instead 
of 13 per cent., in order to secure the 32 per cent. deduction. 

Against this suggestion it can be urged that as (a) the extent of the fuel stowage space is reduced () 
in many cases the fuel is carried in the double bottom, and in consequence the space available for cargo is 


increased, and (c) tonnage is assessed on space available for cargo, there is no valid reason for such a 
concession, 


-_ 
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In view of the sudden drop in the per cent. allowance when the actual space falls below 13 per cent., 
some modification is called for, but against this it must be remembered that many vessels are carrying fuel 
in double bottoms which have not been included in the tonnage measurement. 

The Panama and Suez Authorities do not permit the wholesale exemptions allowed by the British 
Regulations, and similar action by harbour and other authorities would do more to foster a uniform and 
reasonable tonnage system, and incidentally would pave the way for international administration. 

Shipowners are alive to the desirability of consummating such an ideal, and by a series of international 
conferences, are endeavouring to establish a standard which will be acceptable to all parties. There are 
many difficulties to be overcome, but the truth remains, it can be done. 

I haye, on behalf of the Association, to thank Mr. Blocksidge for his most interesting paper. 


CORRESPONDENCE. 
Mr. G. DyKzs. 


I am sure we all feel greatly indebted to Mr. Blocksidge for his very careful and exhaustive 
investigations on the tonnage measurement of ships, and for giving us a clear insight as to how it 
applies in various countries and waterways. In 1775 Chapman recommended and illustrated the measure- 
ment of the internal capacity of ships for tonnage and in 1816 Parker worked out a complete method for 
tonnage measurement which was followed by that of Parson, but, as they were in advance of the times, was 
not adopted. Moorsom to whom credit is due for introducing tonnage measurement was guided by the 
previous work of Parker and Parson. 

The Merchant Shipping Act of 1854 was framed for vessels then existing of under 300 feet in length, 
as regards tonnage, and still applies, not considering the enormous change in the design and propulsion of 
vessels since that date. 

From time to time owners have brought pressure to bear on the Government with a view to their 
taking into consideration the changes in the design of vessels since the Act was framed, and the methods 
of arriving at the net tonnage of vessels for which dues are payable. Even when considering the 
modifications which have been approved from time to time as appears justified, it is still found that owners 
are restricted in the design and arrangement of their vessels; not that government departments, who are 
responsible for the tonnage measurement, are fully aware of the unsuitability of the existing method of 
computing the net tonnage as at present applied, but the fact that this is an Act of Parliament which, 
having gained international application, makes it a much more difficult problem to solve to meet with all 
round approval than would appear at first sight. 

No general international agreement exists between maritime nations as to how tonnages should be 
measured and appear on the tonnage certificates, and it is common knowledge that in several countries 
either the net tonnage as applies in the United Kingdom is increased or certain spaces which were 
exempted from measurements are included. 

This not only means an owner has to pay heavier dues than he had calculated, but he often has to pay 
for the remeasurement of his vessel; in some cases the ship is delayed at a foreign port for this purpose. 

That even one and the same nation does not act in conformity with their own tonnage laws is 
observable in the United States who ignore their own tonnage certificates for U.S. vessels passing through 
the Panama Canal which is to all intents and purposes United States territory. 

As matters now stand it is not only necessary that a vessel should have its national tonnage certificate 
but a number of others for foreign countries and waterways, which is not only inconvenient but can become 
very irritating to an owner at times. 

One reads from time to time in the transactions of foreign societies, proposals with regard to tonnage 
measurement which more or less represent their national view, but will hardly meet with international 
acceptance, also proposals to discard the present tonnage measurements and to substitute instead displace- 
ment, displacement and length, displacement, draught and propelling power, etc. 

It has, however, to be kept in mind that international approval has to be obtained if it is to be 
advantageous. Any proposal that is made will not prove a very simple affair of acceptance, and it would 
further appear that a controlling board of international shipowners should be advisors to their governments 
for the introduction of modifications which are the outcome of advancement in the design or conditions 
existing. 
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Mr. R. LeEuwenpura. 


Mr. Blocksidge’s vlad is one which could only have been written W a man who has, by the thorny 
path of experience and administration, become thoroughly familiar with the innumerable complexities of 
the present rules, and his explanations will render the principles governing the measurement of international 
tonnage much more clear to his colleagues. 

Some time ago a paper was written by Mr. van Driel, of our Dutch freeboard department, on this 
subject, and on the historical side I find Mr. Blocksidge corroborates Mr. van Driel’s story of the develop- 
ment of tonnage laws. 

As mentioned by Mr. Blocksidge, the method of measuring Dutch sea-going vessels for tonnage is the 
same as employed for British ships, and it is to be hoped that a similar measure of agreement will be 
reached by all nations on this very difficult question. 


Mr. A. IsaKson. 


Mr. Blocksidge’s standard paper on the Register Tonnage of Ships, does not lend itself to much 
discussion, as it is confined to an historical review of the development of tonnage legislation in Great Britain, 
and to a most valuable account of the present rather complicated system of ascertaining the gross register 
tonnage, and the numerous deductions therefrom, in order to obtain the net register tonnage. The paper, 
consequently, is an elaborate statement of facts, which, as such, are indisputable. 

he numerous papers which have been read before the Institution of Naval Architects and elsewhere, 
appear, however, to indicate that the system and its application in detail is not satisfactory, and most 
authors, if not all of them, are unanimous in the opinion that the many deviations in principle and in 
detail from the system, originated by Mr. Moorsom, and adopted for British law exactly 70 years ago, now 
call for a radical reform, more adapted for the requirements of the present types of ship construction, and 
the reasonable demands of the shipping community for logic and justice in the assessment of ships’ tonnage, 
as the present regulations tend seriously to handicap the majority of existing vessels with consequent loss 
to their owners. 

From the point of view of shipbuilders and owners, there exist certain technical deficiencies in the 
present rules, which call for speedy reform, and I shall point out only a few of them. 

1. In a steel ship where no cargo battens are fitted, the tonnage breadths are taken to the inner edge 
of the frames, which appears reasonable, as the spaces between the thwartship flanges of the frames present, 
at all events to the majority of cargoes, “broken stowage.” 

Now, in nearly all steel decked ships there is a deck beam on every frame with bracket plates 
connecting it to the frames, and you will probably not dispute that the spaces between the deck beams and 
between the bracket plates must be considered to present “ broken stowage,” just as much as, or even more 
than, the spaces between the frame flanges at the ship’s sides. It goes without saying that these spaces 
between the deck beams and between the beam brackets are even less accessible for such cargoes as coal 
and coke, &c., than are the spaces between the side frames. There appears, therefore, to be no reason why 
a shipowner must pay dues on these spaces between the deck beams and between the bracket plates, and 
the Government authority will probably have no palpable reason for objecting to a reform in this direction, 
which should, of course, not be limited only to the tonnage deck beams, but should embody a// beams, 
including the ’tween deck beams, and beams in bridges, and other deck erections. 

2. The boatswain’s store deduction in vessels above a certain limited size, has been fixed in the 
regulations (I am not sure whether it has been done in the Act of Parliament itself) to one per cent. of 
the gross tonnage. Asarule, the space required, and actually used, for keeping the ropes and other 
boatswain’s stores—generally in compartments in the fore peak—amounts to more than one per cent. of 
the gross tonnage. As a consequence, the shipowner has to pay dues on a part of the boatswain’s store 
rooms, which is not available, and cannot possibly be used for carrying cargo. 

Furthermore, the boatswain’s stores are, in the Dutch and Scandinavian languages, termed 
“ Kabelgatt” or “ Kabelgat.” This isa nautical term dating back to the olden times, centuries ago, 
when the anchor cables consisted of heavy sized hemp ropes. If we had still adhered to using hemp 
cables for our anchors instead of the iron or steel chains of the present day, there could have been no 
question but that the “ Kabelgatt,” containing the anchor ropes, would have been deducted from the gross 
tonnage as well as the spaces for storing the other ropes on board. The present interpretation of the Act, 
prohibiting the deduction of permanently closed-in “ chain lockers,” is thus a “ penalty” on using iron 
chain cables instead of hemp chain cables, and calls for immediate reform in the regulations. If I am 
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not mistaken, the chain lockers are actually deducted in Russian vessels, and vessels belonging to one or 
other of the new Baltic States, without exception being taken by the British Board of Trade or Customs 
to this little “ premium” to some foreign ships, in the form of lower tonnage dues, in their competition 
with British vessels, engaged sometimes in the same trade. 

3. By means of an interpretation of the Tonnage Act, introduced some years ago, alleyways to crews’ 
quarters were allowed to be deducted from the gross tonnage. They were also allowed to be deducted 
when they gave access at the same time to a boatswain’s store. But, on the contrary, such alleyways to 
crew-spaces are dealt with as cargo spaces (viz., are nol deducted) if they give access at the same time to 
a deducted space other than a boatswain’s store. If, at the end of such an alleyway there is a space for 
keeping log-lines, signals, and other instruments of navigation, or if there is at the end of the alleyway a 
galley (as is sometimes the case on vessels carrying Lascar crews), the alleyway is xo? allowed to be deducted. 

The lack of logic in such interpretations of the Tonnage Act is too apparent to need further 
comments, and should call for immediate reform. 

I shall not trespass on your indulgence by citing any more proofs of the lack of logic in the present 
tonnage regulations and their interpretation, and I feel sure that, once the British shipowners are taking 
up the subject, these anomalies are sure to be remedied. 


The Shipowners’ Views of the Present Tonnage System. 


The author gives an excellent review of the development of the British tonnage legislation which 
has established the constantly increasing tendency towards “facilities” in the interpretations of the various 
‘Acts of Parliament. This tendency is by no means a characteristic feature of the application of the 
present Moorson system, introduced through the Merchant Shipping Act of 1854. It existed long before 
this Act, and appears to date back even to the Act of 1694, where the tonnage was equal to 
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The first facility was granted to the owners through the substitution, in 1720, for the depth of 
hold of the half breadth, and, as well known, resulted in the deep and narrow type of vessels, which 
type was probably the principal cause of Mr. Plimsoll’s agitation. 

The second facility was the substitution of the length factor L by the factor L — 3B, in the year 
1773, resulting in what was termed “ Builders’ Old Measurement.” In the Act of 1796, intended to 
permit the use of the B. O. M. Rule for measuring vessels afloat, another, although very high, third 
“facility,” was allowed to creep in. In a vessel with vertical stem and sternpost and having the 
dimensions exemplified in the paper, viz., 180 x 30 x 19, the B. O. M. Rule of 1773 gives a tonnage of 
776 tons, and the Act of 1796 a tonnage of 756 tons. 

The fourth and very important “facility” was introduced through the Act of 1819, allowing the 
length of the engine room in steamers to be deducted from the tonnage length. 

If an engine room of say 30 feet length was at that time fitted in a vessel of 180 feet length, her 
tonnage was thus further reduced to 

(180 — 18 — mn x 80 x 1b _ 682 tons. 


The extra “facility” granted to steamers of the same dimensions as sailing ships was thus actually a 
decrease in all tonnage dues for this steamer, of 
776 — 6382 
776 
Mr. Allan Gilmour, a prominent shipowner of Glasgow, in the year 1851, expressed the following 
opinion on the allowance for propelling power, introduced by the Act last mentioned, which had then been 
in force more than 80 years :-— 

“T am convinced, none but those interested in steamers, or those who do not comprehend the 
bearing of the subject, will oppose the views I set forth in this matter, and T am certain that even 
they can give no good, sound, or just reasons in support of the allowance. I believe all they can, 
or do urge, or plead for, is ‘do not ask for a reduction on the allowance of tonnage to steamers, but, 
as an equivalent to sailing ships, insist on an allowance or deduction on their tonnage.’ ” 


x 100 = 194 per cent. 
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I am entirely opposed to any such arrangements. I maintain, that the tonnage of every vessel 
entering the ports of the United Kingdom, whether British or Foreign, shall be ascertained by one and 
the same rule, without any allowance whatever; I suggest, therefore, this deduction on the tonnage of 
steamers ought not to be made any longer. 

I am fully persuaded no steamboat owner or steamboat company, however powerful, can give one 
good or honest reason in justification of the deduction. I may safely assert then, that on all hands it is 
admitted that, if an allowance is to be made to steamers, an allowance should also be made to sailing 
vessels ; but I maintain it is decidedly wrong to make any allowance to either, and more especially in the 
way that is now done to steamers, because I believe that advantage is most improperly taken of the 
concession, and an opening is made for imposition—as there is reason to believe that in many cases, if not 
very generally, more space is taken in the engine room of steamers than is necessary for the accommodation 
of propelling machinery, and as this additional space allowed is the most buoyant part of the vessel and 
where the greatest power of flotation or displacement is, the advantage thereby gained by steamers 
generally, is also greatly increased. 

After citing this opinion, which practically agrees with the principles, if not with the recommendations 
of the Third Royal Commission on Tonnage, of 1850, an author of a paper in “Nautical Magazine” of 
PL 1st 1871, expresses the following opinion :— 

“Mr, Gilmour spoke truly, if he spoke plainly, and his words, as the words of a shipowner conversant 
with the subject, are words of gold.” 

The author of this paper is believed to have been Mr. Thomas Gray, then Secretary of the Board of 
Trade Marine Department, and generally considered to have been the greatest authority on tonnage 
questions of his day. 

Mr. Gray adds, that ‘“ Mr. Moorsom”—who is the well-known father of the present tonnage system— 
“evidently had no liking for allowing any deduction on account of propelling power in steamships.” 

I have cited these expressions of opinion of leading authorities on tonnage legislation 50 years ago 
only as a supplement of historical interest to Mr. Blocksidge’s paper, and not because I consider them to 
be “practical politics” of the present day, when steamers and motorships form the bulk of the world’s 
tonnage, and sailing vessels are, admittedly, the “vanishing means of transport over the seas.” 

However, if there could be a possibility of giving up the present repeated obsolete patchings on the 
70 years’ old cloth of the Moorsom tonnage system, through an international co-operation of shipowners, 
experts on tonnage and government delegates, or through a bold stride of the British Naval Architects 
and other bodies of British experts, with a view to establishing a new and equitable basis of tonnage, 
resulting in the same aggreyate world’s tonnage as the present one (for statistical and comparative purposes) 
and the same aggregate income to dock and harbour authorities (a “conditio sine qua non” for every scheme 
of practical reform), a great service would be accomplished for the shipping community throughout the 
world, 

I have referred, in the foregoing, to the gradual “decreases” in tonnage, for ships of the same 
dimensions and capacities, effected during the long period, preceding the present ‘‘Moorsom system”, 
introduced by the Merchant Shipping Act of 1854. 

The “race” for obtaining new “facilities” in tonnage was, however, by no means stopped bythis new 
law, which, in principle, if not in actual practice, marked, at the time of its introduction, a most violent 
revolution in, and a material improvement in, the previous tonnage regulations. , 

Mr. Blocksidge, in his most comprehensive historical review, makes reference to some of the most 
important of the ‘‘facilities,” introduced very frequently through the wide awake efforts of the British 
shipowners and their organisations, bringing pressure to bear on the Government authorities and the Law 
Courts. I shall adhere to the previous chronological order in enumerating these facilities. 

The Suez Canal authorities at’ first, in 1869, recognised the net tonnage on the British tonnage 
certificates. But soon after, in 1872, they adopted the British gross tonnage as a basis for the Canal 
charges. On representations, principally from the British shipowners, the Moorsom system of ne¢ tonnage 
was again adopted, but vot to its full extent. ‘The reduction in tonnage, which I will call the “fifth facility,” 
then obtained, was, thus, only a compromise. It did not, and does not at the present day, quite satisfy the 
desiderata of the shipowners. The same applies as regards the tonnage adopted by the Danube Commission 
in 1876, and the new tonnage adopted by the Panama Canal authorities. 

The sixth facility, introduced by the decision of the High Court of Justice, in 1879, regarding the paddle 
steamer * Isabella,” embodied: Hirst, the exemption from the gross tonnage of crew spaces situated above the 
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tonnage deck, and of engine and boiler casings similarly situated, and then, the deduction from the 
remaining tonnage, of which these spaces formed no part, of the volume of these previously exempted crew 
spaces and of the previously exempted casings plus 50 and 75 per cent. in paddle and screw steamers 
respectively. 

This decision, probably the most extraordinary decision in the complex history of tonnage legislation 
in the whole world, was, however, overruled by a later Merchant Shipping Act, although the owners were 
granted the extra facility of a five years’ interregnum, before this absolutely erroneous tonnage had to be 
corrected. 


The seventh facility is the concession resulting in a material reduction in the depths of the sections, 
made by the Board of Trade in May, 1879, regarding the case of the ss. “ Chilka,” without the matter 
being referred to the High Court of Justice. 


The eighth facility—not chronologically, but in the order applied in the paper—is the “‘ Bear” judgment, 
in March, 1875, which is, no doubt, the origin of the later exemption of the shelter deck spaces with 
“tonnage openings.” 


The ninth facility is the exemption from the gross tonnage of the poops, bridges, or any other 
permanent erections “with one or more openings in the sides or ends, not fitted with doors or other 
permanently attached means of closing,” etc. This extraordinary deviation from the fundamental 
principles, laid down by Mr. Moorsom, appears to be, taken together with the regulations for obtaining 
exemption for shelter deck spaces, the most important “facilities” in the application of the tonnage laws, 
hitherto granted by the British administrators of the Tonnage Rules of 1854, which form the basis of 
most of the international agreements regarding tonnage. 


As a matter of fact, these violent deviations from the principles and the rules introduced by the 
Moorsom system in 1854 has resulted in reducing the net register tonnage in the case of some of the smaller 
size shelier deck steamers to about half or even less than half the net register tonnage they would have 
obtained, if measured by the late Mr. Moorsom, the originator of the present so-called “international” 
tonnage system. The late Mr. Thomas Gray, of the Board of Trade, in his paper above referred to, 
comprises “into a nut shell” the gross injustices, caused to other shipowners than the owners of 
shelter deckers, of this extraordinary misinterpretation of the British Tonnage Act, of 1854, as 
follows :— . 


“Spar Decks and Spaces on deck,” 


“All ships pay dock dues, light dues, and other dues on their net register tonnage, as stated 
in the certificate of registry; it follows, therefore, that the interest of the shipowner is to keep his 
recorded net register tonnage at as low a figure as possible. 


If a shipowner, A, can so arrange his ship as to give him an available tonnage (roomage) of 
2,000 tons under cover; and if, at the same time, he can get that ship registered as of 1,000 tons, 
it follows that if he, A, will save, or rather evade, half the legitimate dock dues, light dues, canal 
dues, and other charges on tonnage, A will increase his profits accordingly. It also follows that, 
if another shipowner, B, has a ship with tonnage (roomage) of 2,000 tons, and does not arrange his 
ship to register 1,000 tons, but 2,000 tons, that he, B, will be paying twice as much as A, and will 
really be paying for A, because, as the income derived from the dues on ships is made up of a charge 
on the whole shipping, it follows that what one ship does not pay other ships must make up.” 


Well, this lucid statement by Mr. Thomas Gray, as to the result of exempting spaces with tonnage 
openings, was made already in 1871, but did not prevent the “ Bear” judgment in March, 1875, referred 
to in Mr. Blocksidge’s paper, which judgment introduced this exemption as legal (the eighth facility, see 
above). And Mr. Gray’s statement is quite applicable to the state of things of the present day, with the 
only exception that to-day you will find numerous vessels with a ‘tonnage (roomage)” of 2,000 tons, 
having a net register tonnage of only about 500 tons, instead of the 1,000 tons, which Mr. Gray thought 
highly illegitimate some fifty years ago! 


This nin/h facility thus forms a most striking corroboration of the pregnant expression of the late 
French Minister of Finance, Mons. Léon Say: “ En fait d’affaires les Anglais sont nos maitres.” And, no 
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doubt, to the same “facility,” besides many others, must be ascribed the refusal of the Suez and Panama 
Canal authorities, the Danube Commission, and some foreign governments to recognise the certificates of 
British tonnage as a basis for dues on shipping. 

The tenth facility is the exemption of home trade vessels from the measurement of deck cargoes and 
from the consequent charges, due on these cargoes, when carried in foreign going vessels. 

The eleventh facility is the inclusion in the gross tonnage and consequent inclusion in the volume of 
the actual engine room, as measured, of engine spaces for admission of light and air to the engine room, if 
requested by the owner, with a view to obtain a further reduction in the net tonnage. 

The twelfth facility is the recent inclusion of the “settling tanks” in oil fuel ships into the measure- 
ment of ‘‘actual engine room” (not including fuel spaces), for British tonnage. 

The thirteenth facility is the deduction from the gross tonnage, under certain conditions, of cofferdam 
spaces in tank vessels, introduced probably about the year 1908, but unknown to most foreign governments 
until quite recently. 

The fourteenth facility is the method contained in the tonnage regulations, of obtaining the volume 
of a “turret” or “trunk” extending over the whole length of the vessel. This new theorem of geometry, 
or stereometry prescribes that, in lieu of using Newton’s or Simpson’s Rule, taking as many breadth 
measures as there are sections measured in the hold (as in measuring a ’tween deck spaces) the Board of 
Trade area (if this name might be used for the new science of geometry adopted) of a turret is to be the 
breadth at the stern=O, added to four times the midship breadth and to two-thirds the aftermost breadth, 
measured at about the position of the stern frame, the sum multiplied by one-sixth of the length. The 
Board of Trade volume, or, if preferred, the Merchant Shipping Act volume, of the turret is then 
obtained by multiplying this utterly erroneous and far too small area by the mean height of the turret or 
trunk. Experience goes to show that the “facility,” in the form of reduced tonnage, granted by this 
extraordinary new application of planimetry and stereometry, will amount, in a medium-sized turret ship, 
to about 200 tons, or 20,000 cubic feet. 

This peculiar and significant facility, No. 14, does not appear to have been referred to in the paper, 
but all the other 13 facilities are fully and minutely described in Mr, Blocksidge’s standard record of 
probably one of the most remarkable of existing histories of “degeneration” in the application of an 
originally reasonably fair law, the Moorsom tonnage law. 

I have headed this part of my remarks Zhe Shipowners’ views on the present Tonnage System, and, 
after having summarised above fourteen very essential law decisions and Board of Trade regulations— 
numerous other “facilities” of minor importance exist, but it would perhaps be carrying this discussion 
too far to enter on them in detail—I am sure, you will all admit, that the British Shipowners’ views and 
interests have been most efficiently guarded and favoured by the Law Courts and the Board of Trade. 
No wonder, therefore, that the British steamship owners and their organisations have no practical reasons 
to complain about the present application in Great Britain of the tonnage rules, and that they are inclined 
to look with a certain scepticism on any and all of the numerous schemes for reform, emanating from 
other sources than those representing their own interest in the subject. They appear to have some reason 
to fear, that, with the introduction of a tonnage reform, they will be liable to lose in the eachange! 
Hence the difficulty of inducing steamship owners to lend their support to plans of reform—if these 
reforms are not of the character hinted at in these comments on the paper. 

There is another and valid reason for the hesitation of the British shipowners against the adoption of 
a new or materially reformed tonnage system. As a rule British owners avail themselves more readily and 
speedily of the advantages of new and improved ship types (examples are the double bottoms, the turret 
vessels, and the shelter deckers. When a vessel becomes 15 to 20 years old, or even less, she is generally 
considered, in Great Britain, as more or less out of date and is frequently sold to foreign owners, who have 
not the necessary economical resources for always substituting their old and obsolete ships with ships of 
new and modern design, but have to content themselves with using the “old clothing” of the British 
shipping. 

airy consequence, the British shipowner enjoys the benefit of al] the “facilities” as regards tonnage, 
adherent to the adoption from time to time of new and improved ship types and new mniepeoatienn of 
the Tonnage Acts, not only in obtaining a reduction in the dues and charges on shipping in the home and 
colonial ports, but also in all those foreign countries where the British tonnage certificates are 
unconditionally accepted as the basis for dues on shipping. 
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ITI, An International Uniform Tonnage System. 


As the heading of this part of my remarks implies, one of the conditions for a general adoption of 
an international system of tonnage is uniformity of application in the practice of measurement and 
ary Aiea in the pressure on the shipowners of the dues and charges on shipping in the different parts 
of the world. 

Now, from the history so brilliantly given by the author of the paper, it is apparent that the British 
tonnage system is a variable quantity, It has shown a constant tendency and adaptability for gradually 
reducing the net register tonnage, and also the gross tonnage, and will probably continue this procedure, 
for which several good and warrantable practical measures, commendable in particular by shipbuilding 
practice, are available in most existing vessels, and of which measures I have alluded to a few in the first 
section of these remarks. Further demands for new facilities will no doubt follow with the permanent 
development of ship types and structural details. 

I shall proceed to examplify a few consequences for foreign shipowners of the adoption of the British 
tonnage system, 

As regards the exemption from the British gross tonnage of the upper portions of the McIntyre 
tanks and of the whole of the cellular double bottoms, this “facility” was not applied in practice in 
other countries before the expiration of several years after its introduction in Great Britain, and as regards 
the cellular double bottoms has not yet been introduced in the United States, who, as Mr. Blocksidge 
points out on page 13 of the paper, still include a portion of a deep double bottom in the under deck 
tonnage and, thus, also in the net register tonnage. In the meantime, this goes without saying, the 
foreign shipowners have been heavily handicapped by the “premium,” in the form of lower dues, granted 
to the British owners. 

In certain countries, the under deck volume, where no cargo battens were fitted, was measured 
to the skin instead of to the frames, which went on for several years and also handicapped foreign 
owners. 

In the original Merchant Shipping Act of 1854, as the late Mr. Th. Gray points out in his most 
valuable paper, before referred to, ‘ta limitation was fixed, by which the deductions for crew space could 
not exceed one-twentieth of the tonnage of the ship.” This limitation was removed by the Act of 1867, 
usually, I believe, called the Duke of Richmond Act. But in some countries this limitation was adhered 
to, and in one of them, Finland, this ‘told world” limitation was practised wnlil 2 years ago, thus for the 
considerable time of 55 years after the facility” had been introduced in Great Britain. During this long 
period of 55 years, the Finnish shipowners have had to pay tonnage dues on the frequently considerable 
difference between the actual tonnage of the crew spaces and the limited 5 per cent. of the vessel’s tonnage, 
consequent either upon the ignorance of the Finnish authorities or upon the omission of the Board of 
Trade to supply foreign governments with information of their decreases in tonnage. 

The ‘“coffer-dam deduction,” introduced in Great Britain in 1908, has only this year been granted 
in Sweden, when computing the net tonnage by the British rule, but has not yet been introduced as a 
deduction in the certificates on which the Swedish dues are charged. 

The exemption from the gross tonnage of shelter deck spaces, has not been accepted in the quite new 
tonnage law of Finland, and, consequently, all such spaces are added to the tonnage in that country, the 
actual reason given for this deviation from the British rules, being that, as Finland possesses, as yet, no 
shelter deck vessels, or at all events very few, the exemption of these spaces would act as a premium on 
foreign shipping in Finnish ports, and thus be seriously detrimental to the shipowners of that country, and 
also to its harbour authorities. 

The exemption of shelter deck spaces is not admitted either by the Suez Canal or by the Panama 
Canal Authorities, and, in the United States and several other countries, the local authorities are most 
particular in ascertaining that the exempted shelter deck spaces are “bona fide” shelter decks, and that 
their scuppers and freeing ports are not closed up, or the “tonnage hatch” caulked and the “tonnage 
openings” closed in a manner not approved in the tonnage regulations. 

In Holland, 20 deductions are allowed from the gross tonnage in computing the dues and charges on 
shipping which are thus charged on the same basis as they were in the United States up till the year 1882, 
and in the Suez and Panama Canals, in the River Danube and in Sweden and Belgium, the British 
percentage deductions in computing the propelling power allowance are not accepted as a basis for the 
dues, which they were in the Suez Canal until 1872 and in Sweden until 1882, where they were, 
however, then found to be incompatible with justice, fairness and equality in treatment as between 
ship and ship. 


an 
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The road towards the attainment of an international and uniform tonnage system thus appears more 
thorny than ever, and, as may be concluded from the above, the principal objections raised against the 
present British tonnage system as a basis for international tonnage may be summarised as follows :— 

First.—Its want of stability and lack of equal treatment of ships of the same capacity, either 
in deadweight or in ‘measurement cargoes.” 

Second.—Its tendency, in all parts of the world, to assist British vessels of comparatively recent 
build, and vessels of other countries designed with the same tendency towards tonnage cheating. 

Third.—Its degenerative influence on shipping statistics, giving as it does no true basis for 
neither a comparison between the tonnages of diferent countries nor for the actual growth of the 
carrying power and capacity of the merchant fleets of Great Britain and other countries. 

Conclusion.—In the above the development of the tonnage legislation has been compared with 
a perpetual patching of an old worn out piece of cloth. Is there, then, no possibility of attaining 
at a really uniform tonnage system, which would commend itself to international adoption, and 
what would be the rough outline characteristics of such a tonnage system ? 

It is submitted, that a new, practicable and healthy tonnage system should fulfil the following 
essential conditions : 

First.—It should, when applied to all vessels of the world, result in approximately and as near 
as practicable, the same aggregate net lonnage of the world as the world’s present net tonnage, so as 
to afford a full guarantee that the shipowners of the world will not be heavier taxed than they are 
at present, and so as not to destroy the continuity of the shipping statistics. 

Second.—It should be easier in its practical application, thus in the carrying out of the 
measurement procedure, etc., than the present complicated method with its numerous “exemptions”, 
“allowances” and deductions”, but it should be founded on the same mathematical principles of 
Simpson’s or Newton’s rule, which was introduced in tonnage measurement by Mr. G. Moorsom, 
the famous British father of the present system, whose ‘‘ Review of the Laws of Tonnage”, issued 
in 1853 and printed by 8. D. Mills, Crane Court, Fleet Street, is still the incomparable standard 
work and text book on tonnage, ranking high above the many later papers and reports of Royal 
Commissions on tonnage, and meriting to be carefully studied—which apparently it has zo¢ been— 
by all those, who are anxious to contribute to a real practical and satisfactory solution of this 
complex question, so surrounded by conflicting and sensitive interests, which are, after all, not so 
incompati le as they appear to be, and are considered to be, even by shipowners and naval architects. 

Third.—It should not lend itself to any “facilities”, such as have so abundantly been allowed 
to creep into the interpretation of the present Moorsom system, which is so different from the spirit 
of its originator. They have, of course, generally been advanced and argued as “encouraging 
shipping or shipbuilding, or furthering humane social aims.” 

Fourth.—It should not act as a premium to new-built ships in their competition in the freight 
market with other tonnage. Mr. Blocksidge has been kind enough to give some credit to the 
“Compound Tonnage System”, proposed by one of our Society’s Surveyors and unanimously 
adopted by the International Congresses of Shipping at Copenhagen and at Lisbon, as a sound 
basis for international tonnage, which it is suggested fulfils the above essential four conditions. 


Mr. W. Benner. 


The subject of Mr. Blocksidge’s paper is one which is of practical interest to every member of the 
Association, and one on which he can speak with much experience. 

It is especially interesting to those of us who are stationed abroad, as details ia connection with the 
practice and interpretation of the various national tonnage regulations are constantly arising. 

It is very evident to anyone who has had any experience in the computation of tonnages, whether 
British, Panama Canal, or U.S.A., that the rules and methods of arriving thereat, are often unnecessaril 
cumbersome. It must be borne in mind, however, that the tonnage rules have been handed down throug’ 
many years, and while many changes in application might be desirable, this would have to be done having 
in mind the many other interests involved. 

Mr. Blocksidge dwells at some length on the unification of tonnage regulations. This, to my mind, 
is of much more importance than the question of simplification of the rules. If an international 
agreement could be reached, whereby all countries, or at least those countries with the largest merchant 
marines, would get together and adopt a uniform set of rules for computing tonnages and the levying of 
dues on same, it seems to me that much of the present difficulty and uncertainty would be solved. 


17 


I need hardly say anything regarding British tonnage, as this has been very well detailed in the paper, 
and will, no doubt, be fully discussed. I might, however, be allowed to say a few words by way of 
supplementing Mr, Blocksidge’s remarks on U.S.A. tonnage. 

Mr. Blocksidge gives an account of three important legal decisions which came before the British 
Courts, relating to the “ Isabella,” “Chilka,” and the “ Bear.” 

It is interesting to note that there are no similar legal decisions in the U.S.A., nor are these possible, 
for by an Act of July 5, 1884, “the Commissioner of Navigation is charged with the supervision of the 
laws relating to the admeasurement of vessels, and on all questions of interpretation growing out of the 
execution of the laws relating to this subject his decision is final.” 

In the case of a British vessel of over 250 feet long, the length would be divided, for measurement 
purposes, into twelve equal parts, whereas in the U.S.A., a vessel of similar length would be divided into 
sixteen equal divisions. 

Remarking on U.S.A. tonnage, page 23, Mr. Blocksidge states that all accommodation spaces in 
passenger vessels above the deck next above the upper deck, are not included in the gross or net tonnage. 
The exact wording of the instructions reads—‘no part of any vessel will be measured or registered for 
tonnage that is used for cabins or staterooms, and constructed entirely above the first deck which is not a 
deck to the hull. Such cabins and staterooms must be set apart exclusively for passengers; and when 
occupied by the officers or other members of the crew, wherever situated, they shall be included in the 
gross, and deducted therefrom in ascertaining the net tonnage.” 

The Bureau of Navigation, Washington, D.C., issued a general letter, No. 199, dated May 13th, 1919, 
defining the meaning of “cabins and staterooms,” in the quotation given above. This letter reads—‘a 
cabin is defined as an apartment usually containing smaller rooms (staterooms), furnished for dwelling in 
by the master and officers, and in large ships also affording sleeping accommodations (and other dwelling 
spaces), for passengers. A passenger cabin, as applied to modern ocean-going steamers, is usually 
comprised of staterooms, bathrooms, barber shops, dining rooms, pantries, elevators, saloons, play rooms, 
&c., and when ona deck not to the hull, is exempt from measurement for tonnage. Such spaces as 
bar rooms, cafes, lounges, libraries, music rooms, social halls, smoking rooms, not in cabins with state- 
rooms, but in separate apartments, even though they are on a deck not to the hull, and are for the 
exclusive use of passengers, are not considered as part of a cabin, hence are not subject to exemption. 
Butcher shops and deck lockers for chairs, are spaces for storage, and, as such, should be included in the 
tonnage regardless of their location. Bakeries above deck are exempt. Gymnasiums, swimming pools, 
and Turkish baths are usually on or below the deck to the hull, hence are included in the tonnage. 
Passageways are treated in the same manner as the spaces they serve.” 

It will be seen from the above that if a vessel has a complete upper deck with say, bridge, promenade, 
and boat decks erected on same, the bridge deck is the erection known in the instructions asa ‘ deck 
to the hull,” the promenade and boat decks being “decks not to the hull.” All accommodation spaces, 
therefore, above the bridge deck in the nature of “cabins,” would be exempted from the U.S.A. gross 
tonnage, but such spaces as lounges, libraries, music rooms, social halls, smoking rooms and the like, 
would be included in the gross and not deducted for the net register tonnage. Spaces such as for the captain, 
officers and crew, would, of course, be included as usual in the gross, and afterwards deducted for the net. 

The ruling quoted above, granting exemption in the matter of tonnage to all valid cabins and 
staterooms, when on a ‘‘deck not to the hull,” has been handed down from the early days when U.S.A. 
ocean passenger vessels were few, and such as there were had no “decks not to the hull,” @.e., no erection 
above the bridge deck. The ruling was intended as a concession in the matter of tonnage and assessment 
to vessels plying on Western Rivers, on the Mississippi, and on other inland lakes and rivers, which 
carried freight in the hull proper, and passengers only in the erections. This has been carried to extremes 
in many river and lake craft, by the superimposing of erection upon erection. Although this ruling was 
not originally intended to apply to ocean-going vessels, it is nevertheless a fact that it does apply to all 
U.S.A. vessels, whether ocean-going or not. 

Due to the somewhat larger number of exempted spaces allowed in U.S. vessels such as the peaks and 
the spaces above mentioned, it will be readily seen that it is rather easier for a U.S. vessel to get the 
82 per cent. deduction for propelling power allowance than in the case of a similar British vessel. 

There are two points mentioned in the paper in reference to U.S.A. tonnage which I think need some 
correction. In the last paragraph of page 23 it states that “poops, bridges and forecastles are included 
in the gross tonnage if the openings in the end bulkheads are fitted with doors, weather boards in channels, 
or other permanent means of closing.” Weather boards in channels are considered in the U.S.A. asa 
temporary means of closing only, as is the practice in Great Britain. 
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Then on the top of page 24, “ Where double bottom spaces are used other than for water ballast, the 
tonnage depth is taken to a standard height of floor depending on the breadth of the ship.” Mr. 
Blocksidge has forgotten a more recent amendment which alters this. The amendment reads “In the 
case of a vessel constructed with a double bottom for water ballast, the depth shall be taken from the 
under side of the tonnage deck to the upper side of the inner plating of the double bottom which is 
deemed to represent the floor timber, allowing for ceiling, if any, thereon ; provided the Collector of 
Customs can certify that the space between the inner and outer plating is not available for cargo, stores, or 
fuel. This question will not, however, arise as a rule in the case of double bottoms for water ballast, 
constructed on the cellular principle, where the floors extend the full depth of the space.” The amend- 
ment, therefore, amounts to this—that where a cellular double bottom is fitted, no matter whether it is used 
for oil fuel, fresh water or water ballast, such double bottom space is exempt from tonnage measurement. 

Bona fide settling tanks within the confines of an oil burning steamer’s machinery space “ exclusively 
used for rendering crude oil fit for consumption and for feeding her burners, will be treated as a part of 
the machinery space taken as the basis for finding the deduction for propelling power allowance.” If 
settling tanks are situated elsewhere than in the machinery space, it is usual to allow this space also, 
provided the tanks are sufficient for not more than four days steaming. 

It is interesting to note that the register length at the fore end is taken to the forward end of the lap 
of the shell plating on the side of the stem. 

In the case of vessels built for the Great Lakes service, it was proposed by one of the steamship 
companies to have the triangular space above the top of the side tanks exempted from measurement for 
tonnage, but this was not approved by the Commissioner of Navigation. 

I had intended to refer to the difference in the gross tonnages of the ‘‘ Majestic”’ and the “ Leviathan,” 
as to the explanation of how the latter, which is a slightly smaller vessel, happens to have the larger 
tonnage as now measured. The subject, however, is of such a touchy nature, especially in official quarters 
in the U.S.A., that the conondrum had better remain unanswered for the present. Perhaps Mr. Blocksidge 
would like to add something on this. 

It has given me great pleasure to read Mr. Blocksidge’s very full and interesting Paper, and I wish 
to thank him for the large amount of data and information he has given, which much have cost him much 
time and labour to get together. The “Register Tonnage of Ships” is a valuable addition to the 
transactions of the Staff Association. 


REPLY BY THE AUTHOR. 


The subject of the paper is one of very great importance to the shipowning community, and the 
regulations controlling the measurement of ships for register tonnage are full of anomalies and debatable 
issues ; it was, therefore, not surprising to receive a number of lengthy contributions to the discussien. 
Each of these has brought out many valuable aspects of the subject, particularly the points of weakness in 
the present regulations. The reply to the various questions raised must necessarily be brief. 

Mr. Isakson is universally known as an authority on tonnage and in his usual characteristic method 
of dealing with the problem has brought into the light many phases of the British methods of treatment 
which appear to be objectionable to our continental friends. He has amplified the author’s presentation of 
the historical growth of the regulations and shown clearly the extent to which these have been mutilated 
from the original conception of Mr. Moorsom, the father of the British tonnage law. No further comment 
is necessary to prove the value of the contribution from our colleague in Stockholm. 

Sir Westcott Abell has been for several years in the vortex of controversy associated with subjects 
relating to the shipping industry and, consequently, understands the difficulties in the minds of owners on 
the question of international tonnage measurement. The proposed ‘tonnage passport”’ would go far to 
relieve the tension between the various countries over the differences existing in their respective regulations 
and would certainly prevent delay to the ship or inconvenience to the shipowner. No scheme will be 
satisfactory until some agreement is reached by an international committee regarding the vexed question 
of exempted spaces, and if any alteration is made subsequent to an agreement by a country in its treatment 
of measurement, all countries should immediately be advised of departure from the regulations ; e.g., the 
Panama Canal authorities now appear to recognise the British and United States regulations in regard 
to the treatment of shelter ’tween decks in vessels fitted with a tonnage opening in the shelter deck and 
the exemption of deck erections fitted with temporary means of closing the openings. The Panama Canal 
Regulations have not been altered, but the action of the Authority is controlled by the Act of Congress 
referred to on page 9 of the paper. 


19 


Mr. Watt in his contribution refers to the association of freeboard and tonnage in the shelter deck 
ship with exempted ’tween decks and a second deck having no sheer. The regulations are strained to their 
utmost limit in dealing with such cases, and the naval architect cannot be blamed for taking advantage of 
the evident weakness in the regulations, but it is very doubtful whether such Jatitude given tends to 
produce good seaworthy ships. Mr. Watt also draws attention to a very important feature associated, with 
the tonnage law and overlooked by the majority of people who blame the Board of Trade for regulations 
they were not responsible for formulating. The Board of Trade have no power under the Merchant 
Shipping Acts to frame tonnage regulations, as they have in the questions of load-line and life saving 
appliances. The legal decisions given in the various law cases prove the statement. If the Board of 

rade had the power to adjust the regulations to meet the changes made in ship design many of the 
present difficulties would have been obviated and the shipping industry placed on a better footing. 

Mr. Ormiston has been in personal touch with tonnage measurement, and he can, therefore, speak 
with some authority. His experience appears to suggest a radical modification to the present regulations, 
judging from the trend of his remarks. 

Freightage, displacement, deadweight, and capacity tonnage, are all closely allied, and each are used 
to indicate the size of ships, hence the necessity of including in the paper an explanation of the real 
meaning of each. These terms are very confusing to the staff of a Shipowner. 

Forty cubic feet per ton for deadweight is an accepted average, and given as such in most text books. 
Its use in the paper conforms to the standard which has been the guide of various Tonnage Commissions 
in investigating a suitable coefficient in association with capacity measurement. 

The 100 cubic feet representing one ton was introduced by Mr. Moorson in the 1854 Merchant 
Shipping Act as a suitable factor to prevent any violent alteration to the current statistical tonnage as the 
result of the introduction of new regulations. 

It is interesting to note that, in spite of the desire of the promoters of new regulations to limit any 
alteration to gross tonnage, from recent investigations made by the author, the present regulations, when 
compared with the original tonnage formula, have reduced the gross tonnage by 28 per cent., but the net 
tonnage has been reduced by 120 per cent. 

Mr. Ormiston’s reference to the position of the tonnage deck in ships with a raised quarter deck is 
shown clearly in Fig. 6 on diagram II. 

The sub-divided bottom ordinate only applies to “hip” iank tops and not to ordinary floors or 
longitudinal framing, and is probably the result or development of the “ Chilka”’ case. 

The relation between deadweight and net or gross tonnage given in the Table on page 21 and shown 
in diagram I. is the result of careful investigation over a wide range of ships of standard dimensions. 
The proportions given at the head of the page are rough approximations. Time does not permit the author 
inserting the result of similar investigations for complete shelter deck ships and ships fitted with tonnage 
openings. Deadweight does not increase in the proportion one would expect in large ships, for the reason, 
as stated by Mr. Townshend in his contribution, that investigations seem to indicate that these ships could 
load to a deeper draught. This question, however, was fully discussed in Mr. Watt’s paper on ‘The 
History of Freeboard Regulations.” 

r. Townshend brings before our notice a number of details associated with the regulations which 
require some explanation at length, but he must pardon me for only a brief reference. He raises the 
question of double bottom spaces which may contain oil fuel. The Board of Trade do not measure the 
under-deck tonnage below the top of the floors, which is the tank top. The tank top may be perforated 
as in ships fitted with circular tanks for the carriage of oil in bulk, but the tonnage is measured to the 
perforated tank top. What the dock authorities do in such cases is another matter. 

The registered breadth is measured over the greatest breadth of the ship, including the four thick- 
nesses of side plating, the sheer strake being included if there is no tumble home. With joggled landings 
the registered breadth is the moulded breadth plus four thicknesses of side plating. It depends on where 
the moulded breadth is taken to. The same difficulty appears in estimating the correct extreme draught 
when the ship is fitted with joggled frames. 

“Enclosed spaces” are not counted as enclosed when they are “exempted” from tonnage measure- 
ment, they may be considered as enclosed for freeboard purposes but not for tonnage. This is another 
peculiar anomaly. 

Guard stanchions must be fitted close up to the coaming of a tonnage opening so as to prevent any 
possibility of battening down arrangements being resorted to. 

ane answer to Mr, Akester’s enquiry with reference to deadweight is given in Mr. Townshend’s 
contribution. 
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Mr. Akester wrote his enquiry as to the meaning of a “medium” pace steamer before the historic 
cricket match between the Surveyors and the 2nd XI. of Lloyd’s Register. It was a ‘‘ medium” pace 
bowler who was responsible for his return to the pavilion from the wickets. If he estimates the difference 
in the flight of the ball between this bowler and the other two opponents who sent up slow and fast 
deliveries he will obtain a very fair idea of the meaning of a “medium” pace steamer. 

Diagram V., given on the second line of page 22, should be Diagram I. as Mr. Akester suggests. 

The difference between the under-deck tonnage of a longitudinally framed ship carrying oil and one 
fitted with a double bottom is about 1°5 per cent. more in the longitudinally framed ship, but not more 
than *3 per cent. in the net tonnage, as the cofferdams are deducted and the ship receives a corresponding 
increase in propelling power allowance to the increase in gross tonnage. 

The particulars of light dues appear to be correct up to the date named. 

Not more than 64 individuals can be registered as owners of one ship, so that the shares are always in 
sixty-fourths, not one sixty-fourths, please pardon the slip. 

Mr. Thomson gives additional information in regard to the early history of tonnage regulations and 
the formula used by the British Admiralty and Spain. Our worthy Secretary would abolish all deductions 
and exemptions. Deductions have their advantage. The Board of Trade use them for the purpose of 
enforcing regulations. British owners must comply with the crew space regulations whether deduction is 
sought or not, but if a foreign owner does not comply with the instructions no deduction is made for the 
crew space. 

It i is interesting to obtain the remarks of Mr. Dykes, our late principal surveyor in Germany, who 
must be fully alive to the continental feeling towards the tonnage regulations. He makes reference to the 
work of Mr. Parker and Mr. Parsons, of Chatham Dockyard, who were the original proposers of the 
method of internal measurement adopted in the present regulations. 

Mr. Bennett, my old colleague in New York City, gives a valuable contribution to the discussion, 
especially in view of his close association with the question of tonnage from the point of view taken in 
the U.S.A. He calls the attention of the author toa ‘General Letter No. 226,” issued on January 6th, 
1921, wherein it gives modified instructions as to the measurement of vessels built on the Isherwood 
system. Instead of measuring down to a normal height of floors, the under-deck tonnage is now measured 
to the upper surface of the longitudinals, in precisely the same way as the British regulations require. 
Mr. Bennett has now supplied me with a copy of the regulations. 

The types of closing appliances ficted to tonnage openings in deck erections are not given in the 
printed regulations of the U.S.A., and I am glad Mr. Bennett has called the attention of the author to the 
fact that weather boards in riveted channels are considered temporary means of closing as in Great Britain. 

Mr. Leeuwenburg refers to the recent book on tonnage by Mr. Van Driel. Opportunity will soon be 
given surveyors to read an English translation of this book, as it is understood an eittion is to be published 
in this country. 

It was mentioned in the discussion that throughout the paper [ had not given a personal expression 
of opinion as to the most favourable method of tonnage measurement. This is somewhat difficult in view 
of the careful consideration given to so many proposals by the late Tonnage Commission, but, in view of 
the advance in ship design, I would favour the entire abolition of the present regulations and substitute 
tonnage depending on draught, erections above the uppermost continuous deck, and type of ship. The 
reasons would necessitate another paper, a statement of principle can only be given. 

Before closing the reply to the discussion [ would like to call attention to an error pointed out by 
Mr. Leathard, of Cardiff. ‘The fourth line, on page 12, should read after ship, ‘and also the tonnage 
exclusion of any closed in spaces situated above the uppermost deck,” inaboadl of “and the tonnage is 
obtained by dividing the contents by 100.” 

Mr. Grimshaw, of the Board of Trade, has been good enough to correct one or two statements in 
regard to light dues. 

The actual sanction for the levying of dues came originally from the Merchant Shipping Act of 1854. 
The present procedure is regulated by the Act of 1898. 

The only Colonial light dues paid into the General Lighthouse Fund at present are those levied in 
respect of the Basses and Minicoy Lighthouse Service near the coast of Ceylon. Generally, the British 
Dominions and Colonies make their own arrangements for lighthouses, and dues are not necessarily levied 
in respect of the use of Colonial lighthouses. 

The effect of the Pilotage Act, of 1913, generally dates from the 1st of April, 1913. 

I have to express my thanks to the various members who have contributed to the discussion, and to 
again thank many colleagues and friends who have assisted me in the accumulation of information. 


LLOYD'S REGISTER STAFF ASSOCIATION. 


ANNUAL MEETING. 


The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Office, 
on Wednesday, 30th April, 1924. 


IN THE ABSENCE OF THE PresmpenT, Mr. W. WAT? OCCUPIED THE CHAIR. 


At the commencement of the proceedings the Chairman referred in sympathetic terms to the illness 
of the President, Mr. Carnaghan, and expressed his pleasure at the information conveyed to the Meeting 
that Mr. Carnaghan was now convalescent and hoped soon to be back at duty. It was unanimously 
agreed that the secretary should send a letter to him conveying the best wishes of the Association and the 
pleasure they felt at the news of his recovery. 

The Secretary then read the Minutes of last Annual Meeting, and also the Financial Statement, 
which showed a balance of £1 6s. 4d. 

The Minutes and Report were adopted. 

Reviewing the work of the last session the Chairman said :— 

“Tn the absence of our worthy President to-night, I propose only to review very briefly the work of the 
session now nearly completed. I say nearly completed, for we have still to hear Mr. Blocksidge’s paper 
on “The Register Tonnage of Ships.” The reading of this paper has been deferred, but it is hoped that 
it will be submitted to the Association in about two weeks. 


“We have again had a series of most instructive papers, and one has only to glance at the titles and 
the authors to be convinced that our Association is more than justifying its existence. 


The opening paper was read by our old friend, Dr. Milton, and he proved to us, if proof were 
required, that his pen has not lost its power nor has his interest in the Association abated. 


The Special Annual Lecture was delivered by Mr. Patchin, of the Sir John Cass Institute. The 
large audience of members and friends listened with lively interest to his most instructive and illuminating 
address on “The Heat Treatment of Steel.” It is of interest to note that the subsequent discussion was 
sustained mainly by our visitors. The warmest thanks of the Association are due to Mr. Patchin, and 
we hope at a later date to welcome him back again. 

A notable departure of the session was the paper contributed by Mr. How, one of our clerical friends, 
who gave us the benefit of his experience in the work of the Yacht Register in a paper entitled “ Forty 
Years’ Reminiscences of Yachts and Yachting.” A contribution such as this will do much to cement the 
feeling of comradeship which should exist between all sections of Lloyd’s Register Staff. 


Our Meetings have not been quite so well »ttended as in past sessions, nor has the support accorded 
by our Outport members been so great, but those who have attended have made up for the lack of 
numbers by increased enthusiasm. We trust that during next session the meetings will be better attended, 
and it will not be the fault of the Committee if the fare to be presented is not equal to that of past 
years. 

Our old friend Mr. Jordan, who has taken up his residence in sunny Italy has promised to send us 
a paper entitled “Seventy Years Reminiscences.” Mr. Jordan is the oldest member of the Institution 
of Naval Architects und his contribution will, I am sure, be a most interesting and valuable one. 


Then we are to have three papers by Continental members, Messrs. Thomson and Kay, of Gothen- 
burg, and Mr. Kolbow, of Vienna. Mr. Ives is to give us a paper on “ Classification and Seaworthiness.” 
The remainder of the programme will be contributed by Messrs. Gordon, Johnson, Parker and Ripley, 
the subjects comprising: Storage of Refrigerated Cargoes, Subdivision of Passenger Ships, Steering and 
Steel Castings. 

We are glad to note the interest which is being taken in the work of the Association by our 
Continental colleagues, and might I suggest to our Outport members at home that they should unite in 

roviding an entire programme for the following session. The inclination only is required, as, we know 
full well, the subjects are at hand and the ability to use them is beyond question. 

I should like to take this opportunity of thanking the Committee of Lloyd’s Register for their 
continued interest in and support of our Association, Mr. C. V. Manley for again acting as our reporter, 
and all our friends of the printing department for their efforts on our behalf. They all help to make the 
wheels go round.” 


hao election of office bearers for next session was then proceeded with and the following were 
elected :— 


President - - - - - - Mr. J. Carnaghan. 
Hon. Secretary - - -~ - - - Mr. W. Thomson. 


CommMItTEE, LONDON : 


Messrs. G. R. Edgar, W. D. Heck, C. N. Hunter, B. C. Laws, 
J. 8. Ormiston and M. M. Parker. 


Several suggestions were made with a view to expanding the scope and improving the efficiency of 
the Association, and these were remitted to the Committee for consideration. 

Votes of thanks to Mr. Watt for his services during the enforced absence of the President, to the 
Honorary Secretary, and to the members of the Committee in London and Outports, terminated the 
proceedings. 


oes 


=a 


oe 


‘); 


Pe) 


